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About Volume II 



This Designer's Manual is specifically dedicated to 
International Rectifier's commercial line of HEXFET 
surface mount (D-Pak, l-Pak, SOT-89) and DIP 
devices. These power MOSFETs are recognized 
throughout the world as the industry standard for 
ruggedness, low Ros(on). ar| d consistency of 
mechanical and electrical specifications. To locate 
the device to fill your specific design needs, see the 
Table of Contents and/or Selector Guide section. 

DATA SHEETS 

The technical data sheets contained in this Volume 
II cover all product upgrades, as well as our new 
HEXFET III generation of power MOSFETs. You are 
invited to contact your local IR field representative 
or our home office for additional product data or 
applications assistance. 

OTHER PUBLICATIONS 

International Rectifier also has Designer's Manuals 
covering TO-220, TO-3P, FullPaks, and other 
HEXFET devices, as well as separate manuals for 
government and space products, and applications 
and reliability data. These and other technical 
publications featuring IGBTs, power ICs, etc., are 
listed in the Available Literature section of this 
Designer's Manual. For ordering information, see 
page 156. 

HEXFET is a trademark of International Rectifier 
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HEXFET Power MOSFETs 



An Introduction to 
HEXFET Power MOSFETs 

Foreword 

Since the introduction of the HEXFET power MOSFET in 1979, International Rectifier has 
become the acknowledged technology and market leader in power MOSFETs worldwide. 
HEXFEIs set the standard for the industry in device characteristics and ratings, product quality 
and reliability, and breadth of line. 

HEXFE" III devices, specially designed for high-volume low-cost manufacture at HEXFET 
America, are recognized as the most rugged standard-product power MOSFETs in the industry. 
Introduced in late 1986, HEXFET III devices are so rugged that designers can eliminate external 
protection circuitry and more readily use HEXFETs in such applications as motor control 
and power supplies. International Rectifier provides three key ruggedness ratings on HEXFET 
III devicss: 

Single-shot avalanche energy to accommodate occasional high-energy over- 
voltage transients. 

Repetitive avalanche energy to eliminate external protection circuitry. 

Dynamic dv/dt capability to withstand harsh conditions in motor control and 
similar applications without externally-connected diodes. 

HEXFET III cell density has been optimized for each voltage range to provide lower on- 
resistance per unit area. HEXFET power MOSFETs remain the first choice for the full range 
of commercial, industrial, and aerospace/defense power supply and motor control applications. 

Producing HEXFET III power MOSFETs at HEXFET America, International Rectifier integrates 
design, process, and manufacturing to provide the world's most reliable power MOSFET 
at the lowest cost-per-amp. 



The information presented in this publication is believed to be accurate and reliable. However, International Rectifier can assume no 
responsibility for its use nor any infringement of patents or other rights of third parties which may result from its use. No license is granted 
by implication or other use under any patent or patent rights of International Rectifier. No patent liability shall be incurred for use of the 
circuits or devices c escribed herein. 

International Rectifinr does not recommend the use of its devices in life support applications wherein such use may directly threaten life 
or injury due to device failure or malfunction. Users of International Rectifier devices in life support applications assume all risks of such 
use and indemnifies International Rectifier against all damages resulting from such use. 



Copyright 1991, International Rectifier Corporation, El Segundo, CA. All rights reserved. 
Reproduction or use of editorial or pictorial content without express permission in writing is prohibited. 

ii 



HEXFET Power MOSFETs 



Table of Contents 

HEXFET Power MOSFETs Page 

Alpha-Numeric Index iv 

Product Selection Guide v 

Package Styles, Channel 

DIP, N-Channel 1 

DIP, P-Channel 39 

D-Pak and l-Pak, N-Channel 63 

D-Pak and l-Pak, P-Channel 105 

Logic Level Devices 

DIPs 133 

D-Paks and l-Paks 141 

Appendices 

Appendix A: Peak Diode Recovery dv/dt Test Circuit 149 

Appendix B: Package Outline Mechanical Drawings 151 

Appendix C: Tape and Reel Information 153 

Appendix D: Part Marking Information 155 

Appendix E: Other Available Literature 156 

Other Surface Mount Products 157 

Worldwide Operations Back Cover 



iii 



Alpha-Numeric Index 



Part Number Page 

1RFD014 1 

IRFD024 7 

IRFD110 13 

IRFD120 19 

IRFD1Z0 25 

IRFD210 31 

1 1 \ ^™ ^3 2^^0 *•■<•■■■■■•■■■■■■■■■■■■■•■■•■ 

IRFD9014 39 

IRFD9024 41 

1 1 i I D ^5 1 1 ^3 ■■••■■•■■■■•■■■■*■•■■*■■•■■ ^ 7* 

IRFD9120 53 

IRFD9210 59 

IRFD9220 61 

IRFR014/U014 63 

IRFR024/U024 69 

IRFR110/U110 75 

IRFR120/U120 81 

IRFR210/U210 87 

IRFR214/U214 89 

IRFR220/U220 95 



Part Number Page 

IRFR224/U224 97 

IRFR310/U310 99 

IRFR320/U320 101 

IRFR420/U420 103 

IRFR9014/U9014 105 

IRFR9024/U9024 111 

IRFR9110/U9110 117 

IRFR9120/U9120 119 

IRFR9210/U9210 125 

IRFR9220/U9220 127 

IRFRC20/UC20 129 

IRFS1Z0 131 

IRLD014 133 

IRLD024 135 

IRLD110 137 

IRLD120 139 

IRLR014/U014 141 

IRLR024/U024 143 

IRLR110/U110 145 

IRLR120/U120 147 



International 
S Rectifier 



Selection Guide 



Logic Leve 



D-Pak (5 volt gate) 



Part Miimhpr 


BVdss Drain- 
to-Source 
Breakdown 
(Volts) 


RtKHon) Drain- 
to-Source On 
Resistance 

<m 


l D Continuous 
Drain Current 
25°C 
(Amps) 


I D m Max. 
Pulsed Drain 
Current 
(Amps) 


Page Number 


Case Style 


IRLR014 
IRLR024 


60 


0.20 
0.10 


8.5 
16 


31 
64 


141 
143 


Hp 

D-Pak 

TO-252AA 


1 

IRLR110 
IRLR120 


100 


0.54 
0.27 


4.6 

8.4 


18 
31 


145 
147 


I nnip I p\/p 


DIP (5 volt gate) 


Part Numbpr 


BV DSS Drain- 
to-Source 
Breakdown 
(Volts) 


RDS(on) Drain- 
to-Source On 
Resistance 

m 


Id Continuous 
Drain Current 
25°C 
(Amps) 


■dm Max- 
Pulsed Drain 
Current 
(Amps) 


Page Number 


Case Style 


IRLD014 
IRLD024 


60 


0.20 
0.10 


1.7 
2.5 


14 
20 


133 
135 


m 

HD-1 I « 


IRLD110 
IRLD120 


100 


0.54 
0.27 


1.0 
1.3 


8.0 
10 


137 
139 


Logic Leve 


l-Pak (5 volt gate) 


Part Number 


BV D ss Drain- 
to-Source 
Breakdown 
(Volts) 


Ros(on) Drain- 
to-Source On 
Resistance 

(«) 


l D Continuous 
Drain Current 
25°C 
(Amps) 


'dm Max. 
Pulsed Drain 
Current 
(Amps) 


Page Number 


Case Style 


IRLU014 
IRLU024 


60 


0.20 
0.10 


8.5 
16 


31 
64 


141 
143 


TO-251AA 


IRLU110 
IRLU120 


100 


0.54 
0.27 


4.6 
8.4 


18 
31 


145 
147 



International 
S] Rectifier 



Selection Guide 



SOT-89 



Part Number 


BVqss Drain- 
to-Source 
Breakdown 
(Volts) 


RDS(on) Drain- 
to-Source On 
Resistance 
(Si) 


l D Continuous 
Drain Current 
25°C 
(Amps) 


l DM Max. 
Pulsed Drain 
Current 
(Amps) 


Page Number 


uase otyie 


IRFS1Z0 


100 


2.4 


0.90 


3.6 


131 


# 

SOT-fiQ 


D-Pak N-Channel 












Part Number 


BV DS s Drain- 
to-Source 
Breakdown 
(Volts) 


Rn«5fnni Drain- 
to-Source On 
Resistance 
(«) 


Id Continuous 
Drain Current 
25°C 
(Amps) 


Idm Max. 

UNI 

Pulsed Drain 
Current 
(Amps) 


Page Number 


Case Style 


IRFR014 


60 


0.20 


8.4 


34 


63 




IRFR024 




0.10 


16 


64 


69 




IRFR110 
IRFR120 


100 


0.54 
0.27 


4.7 
8.4 


19 
34 


75 
81 


— , 


1RFR210 


200 


1.5 


2.7 


8.0 


87 


%/ 


IRFR220 




0.80 


4.8 


18 


95 


i 


IRFR214 


250 




2.0 


2.2 


8.8 


89 




IRFR224 




1.1 


3.8 


14 


97 


D-Pak 


IRFR310 


400 


3.6 


1.7 


5.0 


99 


TO-252AA 


IRFR320 




1.8 


3.1 


11 


101 




IRFR420 


500 


3.0 


2.4 


8.0 


103 




IRFRC20 


600 


4.4 


2.0 


8.0 


129 




D-Pak P-Cnannel 


Part Number 


BVdss Drain- 
to-Source 
Breakdown 
(Volts) 


RDS(on) Drain- 
to-Source On 
Resistance 
(«) 


Id Continuous 
Drain Current 
25°C 
(Amps) 


'dm Max. 
Pulsed Drain 
Current 
(Amps) 


Page Number 


Case Style 


IRFR9014 


-60 


0.50 


-5.6 


-22 


105 




IRFR9024 




0.28 


-9.6 


-38 


111 




IRFR9110 


-100 


1.2 


-3.4 


-14 


117 




IRFR9120 




0.60 


-6.3 


-25 


119 




IRFR9210 


-200 


3.0 


-2.0 


-8.0 


125 


D-Pak 


IRFR9220 




1.5 


-3.6 


-14 


127 


TO-252AA 



International 
EiS Rectifier 



Selection Guide 



DIP N-Channel 





bvdss L'rain- 
to-Source 


Rds/oii) Drain- 
to-Source On 


iq oonunuous 
Drain Current 


■dm wax. 
Pulsed Drain 








Breakdown 


Resistance 


25°C 


Current 






Part Number 


(Volts) 


(O) 


(Amps) 


(Amps) 


Page Number 


Case Style 


IRFD014 


60 


0.20 


1.7 


14 


1 




IRFD024 




0.10 


2.5 


20 


7 




IRFD1Z0 


100 


2.4 


0.50 


4.0 


25 


IRFD110 




0.54 


1.0 


8.0 


13 


7F 


IRFD120 




0.27 


1.3 


10 


19 


HD-1 


IRFD210 


200 


1.5 


0.60 


4.8 


31 


IRFD220 




0.80 


0.80 








DIP P-Channel 






BV DSS Drain- 
to-Source 


RDS(on) Drain- 
to-Source On 


l D Continuous 
Drain Current 


I D m Max. 
Pulsed Drain 








Breakdown 


Resistance 


25°C 


Current 






Part Number 


(Volts) 


m 


(Amps) 


(Amps) 


Page Number 


Case Style 


IRFD9014 


-60 


0.50 


-1.1 


-8.8 


39 




IRFD9024 




0.28 


-1.6 


-13 


41 




IRFD9110 


-100 


1.2 


-0.70 


-5.6 


47 




IRFD9120 




0.60 


-1.0 


-8.0 


53 




IRFD9210 


-200 


3.0 


-0.4 


-3.2 


59 




IRFD9220 





1.5 


-0.58 


-4.6 


61 





l-Pak N-Channel 



Part Number 


bv dss Drain- 
to-Source 
Breakdown 
(Volts) 


RDS<on) Drain- 
to-Source On 
Resistance 
(") 


l D Continuous 
Drain Current 
25°C 
(Amps) 


'dm Max. 
Pulsed Drain 
Current 
(Amps) 


Page Number 


Case Style 


IRFU014 


60 


0.20 


8.4 


34 


63 




IRFU024 




0.10 


16 


64 


69 




IRFU110 


100 


0.54 


4.7 


19 


75 




IRFU120 




0.27 


8.4 


34 


81 


IRFU210 


200 


1.5 


2.7 


8.0 


87 




IRFU220 




0.80 


4.8 


18 


95 




IRFU214 


250 


2.0 


2.2 


8.8 


89 




IRFU224 




1.1 


3.8 


14 


97 




IRFU310 


400 


3.6 


1.7 


5.0 


99 




IRFU320 




1.8 


3.1 


11 


101 


l-Pak 


IRFU420 


500 


3.0 


2.4 


8.0 


103 


TO-251AA 


IRFUC20 


600 


4.4 


2.0 


8.0 


129 





International 
SRectifier 



Selection Guide 



l-Pak P-Channel 



Part Numbe- 


BV DSS Drain- 
to-Source 
Breakdown 
(Volts) 


R os(on) Drain- 
to-Source On 
Resistance 
(£2) 


l D Continuous 
Drain Current 
25°C 
(Amps) 


l DM Max. 
Pulsed Drain 
Current 
(Amps) 


Page Number 


Case Style 


IRFU9014 


-60 


0.50 


-5.6 


-22 


105 




IRFU9024 




0.28 


-9.6 


-38 


111 




IRFU9110 


-100 


1.2 


-3.4 


-14 


117 




IRFU9120 




0.60 


-6.3 


-25 


119 




IRFU9210 


-200 


3.0 


-2.0 


-8.0 


125 




IRFU9220 




1.5 


-3.6 


-14 


127 


TO-251AA 



Data Sheets 

The HEXFET devices listed in this Designer's Manual 
represent International Rectifier's power MOSFET line 
as of June, 1991. The data presented in this manual 
supersedes all previous specifications. 



In the interest of product improvement, International Rectifier 
reserves the right to change specifications without notice. 
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HEXFET® Power MOSFET 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 



Description 








n-channel 



BV D ss 


60V 


RDS(on) 


0.20ft 


Id 


1.7A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power HD-1 
dissipation levels up to 1 watt. 
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l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 
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Pulsed Drain Current © 
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Maximum Power Dissipation 
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Linear Derating Factor 
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W/K© 
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Gate-to-Source Breakdown Voltage 
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Eas 


Single Pulse Avalanche Energy ® 
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mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


4.5 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 




Thermal Resistance 
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Max. 


Units 


R&JA 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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Reference to 25°C, l D =1 mA 
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V G S(th) 


f^atp Thrp^hnlH V/nltanp 


2.0 




4.0 


v 


Vds=Vgs, b=250nA 


9fs 


rUIWdlU 1 lalloLUflUULidlluc 


1 3 






s 


V DS =25V, l DS =1.0A© 


bss 


7prn f^Satp Vnltanp rinlipftor ("iurrpnt 
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V DS =60V, V GS =0V 
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V DS =48V, V GS =0V,Tj= 
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vjaio iu ouuilc ruinaiu i_cdr\ayt; 






500 
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V GS =20V 
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V GS =-20V 
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Total Gate Charge 
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... 
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l D =10A, V DS =48V,V GS =10V 
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Odlc-LU*OUUlbC Validly c 
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Gate-to-Drain ("Miller") Charge 


... 
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V DD =30V, l D =1 OA 

R G =240, R D =2.7fi 
See Fig. 10© 
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Turn-Off Optav/ Timo 

i uiii uii L^cicty i line 
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t. 


rail \ ime 




\ y 






L D 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


c 


Lo 


Ls 


Internal Source Inductance 




6.0 




s 


LS 




Input Capacitance 




310 






V GS =0V, V DS =25v 






Coss 


Output Capacitance 




160 




pF 


/=1.0Mhz 






c rss 


Reverse Transfer Capacitance 




37 






See Fig. 5 






Source-Drain Diode Ratings and Characteristics 












Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
[Body Diode) 






1.7 


A 


MOSFET symbol 
showing the / 




D 


!SM 


Pulsed Source Current 
[Body Diode) © 






14 


integral reverse <5L 
p-n junction diode. 




S 


V SD 


Diode Forward Voltage 






1.6 


V 


Tj=25°C, l s =1.7A, V GS =0V© 


trr 


Reverse Recovery Time 


34 




140 


ns 


Tj=25°C, l F =10A, 






Q RR 


Reverse Recovery Charge 


0.090 




0.40 


uC 


di/dt=100A/u.S© 






•on 


r orward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

® Repetitive rating; Pulse width limited by 
max. junct on temperature (See figure 1 1 ) 

© V DD =25V, Starting Tj=25°C, L=55mH, 
R G =25Q, Peak l A s=1-7A (See figure 12) 



© I S d^10A, di/dt<90A/u.s, V DD <BV DSS , 
Tj<175°C Suggested R G =24n 



© Mounting surface: 
flat, smooth, j 



I Pulse width < 300u.s; duty Cycle <2% © K/W = °C/W 
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T c - 25°C 



V D s, Drain-to-Source Voltage (volts) 

Fig 1. Typical Output Characteristics, 
T c = 25°C 




10 _1 10 u 10 1 

V D s, Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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20us PULSE WIDTH 



3.0 



V GS , Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 
Fig 4. Normalized On-Resistance Vs. 
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Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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OR TEST CIRCUIT 
SEE FIGURE 13 



3 B 9 12 15 

Q g , Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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Vsd, Source-to-Drain Voltage (volts) 

Fig 7. Typical Source-Drain Diode 
Forward Voltage 




V DS , Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 



4 



IRFD014 



2.0 



„ 1.6 
</> 

a. 
E 

o 

.£ 0.8 

CO 

Q 

_Q 

0.4 





































































































































































\ 

















































































rjqiov 

Pulse Widths 1us 
Duty Factor £ 0.1 



Fig 10a. Switching Time Test Circuit 
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Tc, Case Temperature (°C) 

Fig 9. Maximum Drain Current Vs. 
Case Temperature 
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Fig 10b. Switching Time Waveforms 
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ti, Rectangular Pulse Duration (seconds) 
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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3 12a. Undamped Inductive Test Circuit 
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Fig 12b. Undamped Inductive Waveforms 
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Fig 13a. tJasic Gate Charge Waveform 
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Starting Tj, Junction Temperature (°C) 

Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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International 
m*\ Rectifier 



PD-9.699 



International 
S Rectifier 



HEXFET® Power MOSFET 







IRFD024 



• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

Description 




6S 

n-channel 



BVqss 


60V 


RDS(on) 


0.1 on 


Id 


2.5A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 



I 




Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


2.5 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


1.8 


Idm 


Pulsed Drain Current ® 


20 


P D @ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


91 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


5.5 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Resistance 




Parameter 


Max. 


Units 


RejA 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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IRFD024 



ism 



Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Mm. 


Typ. 


ft Jaw 

Max. 


Units 


Test Conditions 


tsv D ss 


Drain-to-Source Breakdown Voltage 


bU 






V 


V GS =0V, I d =250uA 






AQ\/ /*t 


emp. Coefficient of Breakdown Voltage 




U.Ub 1 




v/ o 


Reference to 25°C, l D =1 mA 


RDS(on) 


Static Drain-to-Source On Resistance 






0.10 


Q 


V GS =10V, l D =1.5A© 






IJ 

VGS(th) 


uate I nresnold Voltage 


2.0 




4.0 


v 


Vds=Vqs. Id=250uA 


Sis 


F r orward Transconductance 


2.7 






s 


V ns =25V, l DS =1.5A© 


tass 


2!ero Gate Voltage Collector Current 






250 


uA 


V DS =60V, V GS =0V 








1000 




V DS =48V, V G s=0V,Tj=150°C 


Igss 


Gate-to-Source Forward Leakage 






500 


nA 


V GS =20V 




Ciate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Q q 


Total Gate Charge 


... 


— 


28 




l D .14A, V DS .48V, V GS =10V 

Cop Fin R anri 13(31 




Gate-to-Source Charge 






5.4 


nC 


Q fl d 


Gate-to-Drain ("Miller") Charge 


... 


— 


13 










td(on) 


Turn-On Delay Time 




8.6 


... 




V DD =30V, l D =14A 
R G =18n, R D =2.0fl 
See Fig. 10© 


tr 


Flise Time 




47 




ns 


td(off) 


Turn-Off Delay Time 




27 




If 


Fall Time 




37 






L D 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


c 




Ls 


Irternal Source Inductance 




6.0 




s 


Ls 




Input Capacitance 




640 






V G s=0V, V ds =25v 






C oss 


Output Capacitance 




360 




pF 


/=1.0Mhz 






C rS s 


Reverse Transfer Capacitance 




79 






See Fig. 5 






Source-Drain Diode Ratings and Characteristics 












Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Eody Diode) 






2.5 


A 


MOSFET symbol 
showing the / 
integral reverse <5\ 
p-n junction diode. 




3 


'SM 


Pulsed Source Current 
(Body Diode) ffi 






20 




1 


V SD 


Diode Forward Voltage 






1.5 


V 


Tj=25°C, l s =2.5A, V GS =0V© 




Rwerse Recovery Time 


49 




200 


ns 


Tj-25 C, l F -14A, 






Qrr 


Roverse Recovery Charge 


0.22 




0.88 


jiC 


di/dt=100A/nS© 






ton 


Fc rward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive ra:ing; Pulse width limited by 
max. junction temperature (See figure 11) 

© V DD =25V, Starting Tj=25°C, L=17.5mH, 
R G =25n, Peak l A s=2.5A (See figure 12) 



) l SD <1 4A, di/dt£l 1 0A/us, V DD <BV DSS , C 
Tj<175°C Suggested R G -18£2 



' Mounting surface: 
flat, smooth, greased 



© Pulse width < 300us; duty Cycle <2% © K/W - °C/W 
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IRFD024 




V DS , Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 




V DS , Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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Vgs. Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 

Fig 4. Normalized On-Resistance Vs. 
Temperature 
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1RFD024 



IOR 



1250 




V DS , Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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l-UH ILS1 U1HUU1I 
SEE FIGURE 13 



6 12 18 24 

Q„, Total Gate Charge (nC) 



30 



Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 




V S d, Source-to-Drain Voltage (volts) 

Fig 7. Typical Source-Drain Diode 
Forward Voltage 



Vqs. Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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IRF D024 
— 



3.0 



2.5 
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S 1.5 
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1.0 



0.5 



0.0 




25 50 75 100 125 150 175 

Tc, Case Temperature (°C) 

Fig 9. Maximum Drain Current Vs. 
Case Temperature 




^v DD 



Fig 10a. Switching Time Test Circuit 




td(off) tf 

Fig 10b. Switching Time Waveforms 




NOTES: 

1 . DUTY FACTOR. D=tj/tg 

2. PEAK Tj-P DM X Z thJC + T c 



10 



10<= 



10 J 



ti, Rectangular Pulse Duration (seconds) 



Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 



11 



IRFD024 



I«R 



Vary t p to obtain 
required peak l[ 




250 



Fig 12a. Undamped Inductive Test Circuit 
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Fig 12b. Unolamped Inductive Waveforms 



10V — 





25 50 75 100 125 150 175 

Starting Tj, Junction Temperature (°C) 

Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Charge ► 

Fig 13a. Eiasic Gate Charge Waveform 
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Fig 13b. Gate Charge Test Circuit 



Appendix A: = igure 14, Peak Diode Recovery dv/dt Test Circuit 



Appendix B: Package Outline Mechanical Drawing 
Appendix D: Part Marking Information 
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International 
Sag Rectifier 



International 
Sm] Rectifier 



PD-9.328J 



IRFD110 



HEXFET® Power MOSFET 



• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 



Description 




is 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting 
dissipation levels up to 1 watt. 



BVrjss 100V 
RDS(on) 0.54Q 
l D 1.0A 




Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, Vqs@10V 


1.0 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


0.71 


•dm 


Pulsed Drain Current © 


8.0 




Pd@ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


140 


mJ 


'ar 


Avalanche Current © 


1.0 


A 


Ear 


Repetitive Avalanche Energy © 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt @ 


5.5 


V/ns 


Tj 

Tstq 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Resistance 




Parameter 


Max. 


Units 


Rbja 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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IRFD110 



Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


Diain-to-Source Breakdown Voltage 


100 







V 


V GS =0V, l D =250u.A 


ABV DSS /ATj 


Teimp. Coefficient of Breakdown Voltage 


— 


0.12 


— 


v/°c 


Reference to 25°C, l D = 


1mA 




RDS(on) 


Static Drain-to-Source On Resistance 


— 


— 


0.54 


n 


V GS =10V, l D =0.60A© 


^GSfth) 


Gate Threshold Voltage 


2.0 




4.0 


V 


Vds=Vgs. b=250u.A 


9fs 


Forward Transconductance 


0.80 


... 


... 


S 


V DS =50V, l DS =0.60A© 


tass 


Zero Gate Voltage Collector Current 


... 


... 


250 


jiA 


V DS =100V, v GS =ov 










1000 




V DS =80V, V GS =0V,T J =150 <> C 


Igss 


Gate-to-Source Forward Leakage 






500 


nA 


V GS =20V 




Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 




Total Gate Charge 


— 


— 


8.3 




l„=5.BA V^o=80V V^o=10V 


Q«s 


Gs.te-to-Source Charge 






2.3 


nC 


■U -t - 1.^.3 1 - 1.3.3 ■ — 

Spb Fin fi and 13(?) 




Q <jd 


Gc.te-to-Drain ("Miller") Charge 


... 


... 


3.8 










td(on) 


Turn-On Delay Time 


— 


6.9 


— 




V DD =50V, l D =5.6A 
R G =24£2, R D =8.4£i 
See Fig. 10© 


t, 


Ris;e Time 


... 


16 


... 


ns 


{ d(off) 


Turn-Off Delay Time 


— 


15 


— 


tf 




Fa I Time 




9.4 






Lo 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, A 
and center of die 
contact. 




3 

\ L ° 


Ls 


Internal Source Inductance 




6.0 








Css 


Input Capacitance 




180 






V GS =0V, V DS =25v 






C ss 


Output Capacitance 




81 




PF 


/=1.0Mhz 






Crss 


Reverse Transfer Capacitance 




15 






See Fig. 5 






Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






1.0 


A 


MOSFET symbol 
showing the / 


1^ 

£\ 


D 


Ism 


Pulsed Source Current 
(Body Diode) © 






8.0 


integral reverse °\ 
p-n junction diode. 


lJ 

S 


V SD 


Diode Forward Voltage 






2.5 


V 


Tj=25°C, l s =1.0A, V GS =0V© 


trr 


Rev erse Recovery Time 


50 




200 


ns 


Tj=25°C, l F =5.6A, 






Qrr 


Reverse Recovery Charge 


0.22 




0.88 


uC 


di/dt=100A/u.S© 






ton 


Forvard Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lo) 



Notes: 

© Repetitive rating; Pulse width limited by ® l SD < 5.6A, di/dt<75A/u.s, V DD <BV DSS , © Mounting surface: 

max. junction :emperature (See figure 11) Tj<1 75°C Suggested R G =24£2 flat, smooth, greased 

© V DD =25V, Stalling Tj=25°C, L=52mH, © Pulse width < 300u.s; duty Cycle <2% © K/W = °CAV 
R G =25n, Peak l A s=2.0A (See figure 12) 
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IOR 



IRFD110 




10" 1 10° 10 1 

Vds. Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 




Vds. Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T C = 150°C 




3.0 



V G s. Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 

Fig 4. Normalized On-Resistance Vs. 
Temperature 
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IRFD110 



I«R 




2C 



10" 10 1 

V D s, Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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V DS = 80V 
V DS = 50Vj 
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FOR TEST CIRCUIT 
SEE FIGURE 13 



2 4 6 8 

Q g , Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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V S d, Source-to-Drain Voltage (volts) 
Fig 7. Typical Source-Drain Diode 
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Vqs. Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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IOR 



IRFD110 




Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms 

Case Temperature 




17 



IRFD110 



I«R 



Vary t p to obtain 
required peak l|_ 




350 



t V DD 



Fig 12a. Ihclamped Inductive Test Circuit 

I I BV DSS 



/ 



/ 



"DD 



Fig 12b. Undamped inductive Waveforms 
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Fig 13a. Basic Gate Charge Waveform 



25 50 75 100 125 150 175 

Starting Tj, Junction Temperature (°C) 

Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 
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International 
[raj*] Rectifier 



PD-9.385G 



IRFD120 



HEXFET® Power MOSFET 



Repetitive Avalanche Rated 
Dynamic dv/dt Rated 
For Automatic Insertion 
End Stackable 



Description 




6S 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mo 
dissipation levels up to 1 watt. 



BV DSS 100V 
R DS(on) 0.27^ 
l D 1.3A 




HD-1 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


1.3 




l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


0.94 


A 


'dm 


Pulsed Drain Current ffi 


10 




P D @ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


100 


mJ 


Ur 


Avalanche Current © 


1.3 


A 


Ear 


Repetitive Avalanche Energy © 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.5 


V/ns 


Tj 


Operating Junction and 


-55 to +175 




T S TG 


Storage Temperature Range 




°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 




Thermal Resistance 




Parameter 


Max. 


Units 


R eJA 


Junction-to-Ambient, Typical Socket Mount 




120 


K/W© 
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IRFD120 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


uniis 


Test Conditions 


BV DSS 


Drain-to-Source Breakdown Voltage 


l UU 






V 


V GS~ UV ' Id~" u M-" 


ABVdsS'ATj 


Temp. Coefficient of Breakdown Voltage 




U.I O 




V/ O 


neTerence to irj=imM 


RDS(on) 


Static Drain-to-Source On Resistance 








n 


V GS =10V, l D =0.78A© 


V GS(th) 


(sate Threshold Voltage 


O ft 

2.0 




4.U 


V 


Vds=Vgs. b=250u.A 


9fs 


f : orward Transconductance 


0.80 






s 


V DS =50V, l DS =0.78A© 


bss 


7.ero Gate Voltage Collector Current 






250 


uA 


V DS =100V, Vgs=0V 






1000 


V DS =80V, V GS =0V,Tj=150°C 


Igss 


Gate-to-Source Forward Leakage 






500 


nA 


V GS =20V 


Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Qa 


Total Gate Charge 


— 


— 


16 


nC 


l D =9.2A, V DS =80V, V GS =10V 
See Fig 6 and 13© 




Gate-to-Source Charge 






4.4 


Qpd 


Gate-to-Drain ("Miller") Charge 


™ 


... 


7.7 


td(on) 


Turn-On Delay Time 




6.8 




ns 


V DD =50V, l D =9.2A 
R G =18n, R D =5.2£1 
See Fig. 10© 


tr 


Flise Time 


... 


27 


... 


td(off) 


Turn-Off Delay Time 


... 


18 




tf 


F all Time 




17 




Ld 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) , 
from package, J 
and center of die 
contact. 


^ ^ D 

S 


Ls 


Internal Source Inductance 




6.0 






Input Capacitance 




360 




pF 


V GS =0V, V DS =25v 
/=1.0Mhz 
See Fig. 5 


C ss 


Output Capacitance 




150 




CfSS 


Reverse Transfer Capacitance 




34 




Source-Dr ain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






1.3 


A 


MOSFET symbol 
showing the / 
integral reverse ^ 
p-n junction diode. 




D 
') 

S 


Ism 


Pulsed Source Current 
(Eiody Diode) © 






10 


Vsd 


Diode Forward Voltage 






2.5 


V 


Tj=25°C, l s =1.3A, V GS =0V© 


trr 


Reverse Recovery Time 


65 




260 


ns 


Tj=25"C, l F =9.2A, 
di/dt=100A/u,S© 


Qrr 


Reverse Recovery Charge 


0.33 




1.3 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction temperature (See figure 11) 

© V DD =25V, S ailing Tj=25°C, L=24mH, 
R G =25Q, Peak l A s=2.6A (See figure 12) 



© Isd^9.2A, di/dt<1 1 0A/u.s, V DD <BV DSS , 
Tj<175°C Suggested R G =18Ci 



© Mounting surface: 
flat, smooth, greased 



© Pulse width < 300us; duty Cycle <2% © K/W = °C/W 
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I«R 



IRFD120 





V GS , Gate-to-Source Voltage (volts) Tj, Junction Temperature (°C) 



Fig 3. Typical Transfer Characteristics Fig 4. Normalized On- Resistance Vs. 

Temperature 
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IRFD120 
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Q g , Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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Kg IRFD120 




T c , Case Temperature (°C) td(on > tr td(0,f) tf 

Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms 

Case Temperature 




ti, Rectangular Pulse Duration (seconds) 
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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PD-9.380H 



International 
Rectifier 



— ■ — -^—^^ 



IRFD1Z0 



HEXFET® Power MOSFET 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 



Description 




n-channel 



BV D ss 


100V 


R DS(on) 


2.4Q 


Id 


0.50A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 



The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power HD-1 
dissipation levels up to 1 watt. 



n 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, Vgs@10V 


0.50 


A 


l D @T c = 100°C 


Continuous Drain Current, V G s@10V 


0.36 


!dm 


Pulsed Drain Current © 


4.0 


Pd@ T c = 25°C 


Maximum Power Dissipation 


1.25 


W 




Linear Derating Factor 


0.10 


W/K© 


Vqs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


9.8 


mJ 


>ar 


Avalanche Current © 


0.50 


A 


Ear 


Repetitive Avalanche Energy © 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.5 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Resistance 




Parameter 


Max. 


Units 


RejA 


Junction-to-Ambient, Typical Socket Mount 

' 


120 


K/W© 
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IRFD1Z0 



IOR 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVq SS 


D-ain-to-Source Breakdown Voltage 


100 




... 


V 


V GS =0V, l D =250u,A 


ABVqss/ATj 


Temp. Coefficient of Breakdown Voltage 


— 


0.12 


— 


V/°C 


Reference to 25°C, l D =1mA 


R DS(on) 


Satic Drain-to-Source On Resistance 


— 


— 


2.4 


Q 


V GS =10V, l D =0.30A© 


VGS(th) 


Gate Threshold Voltage 


2.0 




4.0 


V 


Vds=Vgs, Id=250uA 


9fs 


Forward Transconductance 


0.60 


— 


— 


S 


V DS =50V, l DS =0.30A© 


bss 


Zero Gate Voltage Collector Current 


... 


— 


250 


u.A 


V DS =100V, V GS =0V 


— 


— 


1000 


V DS =80V, V GS =0V,Tj=150°C 


IGSS 


Gate-to-Source Forward Leakage 


--- 


— 


500 


nA 


V GS =20V 


Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 


o q 


Total Gate Charge 


... 


... 


1.6 


nC 


l D =0.9A, V DS =80V, V GS =10V 
See Fig 6 and 13© 


Q qs 


G ate-to-Source Charge 






0.68 


Qpd 


Gate-to-Drain ("Miller") Charge 


... 


... 


0.95 


td(on) 


Turn-On Delay Time 


— 


7.8 


— 


ns 


V DD =50V, l D =0.9A 
R G =50ii, R D =55H 
See Fig. 10© 


t- 


Rise Time 


— 


4.5 


— 


td(ofl) 


Turn-Off Delay Time 


— 


11 


— 


V 


Fall Time 




4.7 




Ld 


Inrernal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


s 


LS 


Ls 


Imernal Source Inductance 




6.0 




Css 


Input Capacitance 
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pF 


Vqs=0V, V ds =25v 
/=1.0Mhz 
See Fig. 5 


C ss 


Output Capacitance 




18 






Reverse Transfer Capacitance 




2.8 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Mm. 


Typ. 


Max. 


Units 


Test Conditions 




Continuous Source Current 
(Body Diode) 






0.5 


A 


MOSFET symbol 
showing the / 
integral reverse G A, 
p-n junction diode. 




D 

1 




Pulsed Source Current 
(Body Diode) © 






4.0 


V SD 


Diode Forward Voltage 






1.4 


V 


Tj=25°C, l s =0.5A, V gs =0V© 


t,r 


Reverse Recovery Time 


42 




71 


ns 


Tj=25°C, l F =0.9A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.14 




0.41 


u.C 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 



® Repetitive rating; Pulse width limited by 
max. junctior temperature (See figure 11) 

© V 0D =25V, Starting Tj=25°C, L=16mH, 
R G =25n, Peak l AS =1.0A (See figure 12) 



® l so < 0.5A, di/dt<25A/u.s, V DD <BV DSS , 
Tj<1 75°C Suggested R G =50n 



1 Mounting surface: 
flat, smooth, greased 



I Pulse width < 300u.s; duty Cycle <2% © K/W = °CAiV 




IRFD1Z0 




10" 1 10° 10 1 

Vqs. Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 
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20us PULSE WIDTH 
T c = 175°C 
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10" 1 10 u 10 1 

Vqs, Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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Fig 3. Typical Transfer Characteristics 
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Fig 4. Normalized On-Resistance Vs. 
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IRFD1Z0 
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Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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I«R 



IRFD1Z0 



V D s> 
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Fig 10a. Switching Time Test Circuit 
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Case Temperature 
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Fig 10b. Switching Time Waveforms 
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IRFD1Z0 
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Fig 12a. Undamped Inductive Test Circuit 
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 
Appendix B: Package Outline Mechanical Drawing 
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PD-9.386F 



International 
SMI Rectifier 

HEXFET® Power MOSFET 







IRFD210 



Repetitive Avalanche Rated 
Dynamic dv/dt Rated 
For Automatic Insertion 
End Stackable 



Description 




6S 

n-channel 



BVqss 


200V 


RDS(on) 


1.5ft 


Id 


0.60A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the n 
dissipation levels up to 1 watt. 




HD-1 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


0.60 




l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


0.38 


A 


Idm 


Pulsed Drain Current © 


4.8 




P D @ T c = 25°C 


Maximum Power Dissipation 


1.0 


W 




Linear Derating Factor 


0.0083 


W7K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy © 


79 


mJ 


Ur 


Avalanche Current ffl 


0.60 


A 


Ear 


Repetitive Avalanche Energy © 


0.10 


mJ 


dv/dt 


Peak Diode Recovery dv/dt CD 


5.0 


V/ns 


Tj 


Operating Junction and 


-55 to +150 




TsTG 


Storage Temperature Range 




°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 




Thermal Resistance 




Parameter 


Max. 


Units 


R SJA 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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IRFD210 







Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


Orain-to-Source Breakdown Voltage 


200 





— 


V 


V GS =0V, l D =250uA 


ABV dss /aTj 


Temp. Coefficient of Breakdown Voltage 


— 


0.30 


— 


V/°C 


Reference to 25°C, l D =1mA 


R DS(on) 


Static Drain-to-Source On Resistance 


— 


— 


1.5 


a 


V GS =10V, l D =0.36A© 


VQS(th) 


Ciate Threshold Voltage 


2.0 


— 


4.0 


V 


Vds=Vgs. Id=250uA 


9fs 




Forward Transconductance 


0.10 


— 


— 


S 


V DS =50V, l DS =0.36A© 


tass 


Zero Gate Voltage Collector Current 





— 


250 


HA 


V DS =200V, V GS =0V 





— 


1000 


V DS =160V, V GS =0V,Tj=125''C 


'gss 


Gate-to-Source Forward Leakage 





— 


500 


nA 


V GS =20V 


Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Qq 




Total Gate Charge 


— 


— 


8.2 


nC 


l D =3.3A, V DS =.160V, V GS =10V 
See Fig 6 and 13© 


Qqs 


Giate-to-Source Charge 






1.8 


Q ad 


Gate-to-Drain ("Miller") Charge 


— 


— 


4.5 


ld(on) 


Turn-On Delay Time 


— 


8.2 


— 


ns 


V DD =100V, l D =3.3A 
R G =24Q, R D =30Q 
See Fig. 10© 


t, 


F ise Time 


— 


17 


— 


td(ofl) 


Turn-Off Delay Time 


— 


14 


— 


tf 




Fall Time 




8.9 




Lo 


Irternal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


c 

s 




Ls 


Irternal Source Inductance 




6.0 






Input Capacitance 




140 




PF 


V GS =0V, V DS =25v 
/=1.0Mhz 
See Fig. 5 


Coss 


Output Capacitance 




53 




Crss 


Raverse Transfer Capacitance 




15 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Gsntinuous Source Current 
(Eody Diode) 






0.60 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 


•& 


D 
I 

S 


Ism 


Pulsed Source Current 
(Eody Diode) ® 






4.8 


V SD 


Diode Forward Voltage 






2.0 


V 


Tj=25°C, l s =0.60A, V GS =0V© 


t,r 


Ruverse Recovery Time 


75 




310 


ns 


Tj=25»C, l F =3.3A, 
di/dt=100A/u.S© 


Qrr 


Roverse Recovery Charge 


0.33 




1.4 


uC 


ton 


Forward Turn-On Time 

' 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lo) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction temperature (See figure 1 1 ) 

© V DD =50V, Starting Tj=25°C, L=82mH, 
R G =25a, Peak l AS =1 .2A (See figure 12) 



D l SD£ 3.3A, di/dt<70A/us, V D0 <BV DSS , 
Tj<150°C Suggested R G =24£1 

> Pulse width < 300us; duty Cycle <2% 



© Mounting surface: 
flat, smooth, greased 

© K/W = °C/W 
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IRFD210 




V DS , Drain-to-Source Voltage 
Fig 1 . Typical Output Chi 



V DS , Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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Fig 3. Typical Transfer 
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10° 10 1 

Vqs. Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 




Q g , Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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mR\ IRFD210 




Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms 

Case Temperature 




ti, Rectangular Pulse Duration (seconds) 



Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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Fig 12a. Undamped Inductive Test Circuit 
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International 
[^Rectifier 



PD-9.417E 



IRFD220 







HEXFET® Power MOSFET 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 



Description 




n-channel 



BVqss 


200V 


R DS(on) 


0.80Q 


Id 


0.80A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, Vqs@10V 


0.80 


A 


l D @T c = 100°C 


Continuous Drain Current, V G s@10V 


0.50 




Pulsed Drain Current © 


6.4 


P D @ T c = 25°C 


Maximum Power Dissipation 


1.0 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


59 


mj 


Iar 


Avalanche Current © 


5.2 


A 


E AR 


Repetitive Avalanche Energy © 


0.10 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


5.0 


V/ns 


Tj 

T§TG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 



Thermal Resistance 



Parameter 


Max. 


Units 




Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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IRFD220 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


Drain-to-Source Breakdown Voltage 


200 







V 


V GS =0V, l D =250uA 


ABV dss /ATj 


Temp. Coefficient of Breakdown Voltage 


___ 


0.29 


... 


v/°c 


Reference to 25°C, l D =1mA 




Static Drain-to-Source On Resistance 








0.80 


Q. 


V GS =10V, l D =0.48A© 


V(3S(;h) 


Sate Threshold Voltage 


2.0 


... 


4.0 


V 


Vds=Vgs. I D =250uA 


9fs 


Forward Transconductance 


0.60 






s 


V DS =50V, l DS =0.48A© 


loss 


Zero Gate Voltage Collector Current 


... 


... 


250 


u.A 


V DS =200V, V GS =0V 






... 


... 


1000 




V DS =160V, V GS =0V,T 


=125°C 


'gss 


Gate-to-Source Forward Leakage 


... 


... 


500 


nA 


V GS =20V 




Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Q s 


Total Gate Charge 


... 


-- 


14 




l D =5.2A, V DS =160V, 
V GS =10V© 


Qqs 


Gate-to-Source Charge 






3.0 


nC 




Gate-to-Drain ("Miller") Charge 


— 




7.9 




^d(on) 


Turn-On Delay Time 




7.2 






V DD =100V, l D =5.2A 
R G =18Q, R D =19n© 






t r 


Rise Time 




22 




ns 






^d(off) 


Turn-Off Delay Time 




19 








t, 


Fall Time 




13 












Ld 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, <J 
and center of die 
contact. 






Ls 


Internal Source Inductance 




6.0 




s 


C iss 


Input Capacitance 




260 






V GS =0V, V DS =25v 






Coss 


Output Capacitance 




100 




pF 


/=1.0Mhz 






C rss 


Reverse Transfer Capacitance 




30 






See Fig. 5 






Source-Drain Diode Ratings and Characteristics 












Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






0.80 


A 


MOSFET symbol 
showing the / 




a 
'] 




Pulsed Source Current 
(Body Diode) © 






6.4 


integral reverse <?L 
p-n junction diode. 




s 


V SD 


Diode Forward Voltage 






1.8 


V 


Tj=25°C, l s =0.80A, V GS =0V© 


t,r 


Reverse Recovery Time 


75 




300 


ns 


Tj=25°C, l F =5.2A, 






Qrr 


Fleverse Recovery Charge 


0.46 




1.8 




di/dt=100A/u.S© 






ton 


F orward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



© Repetitive rating; Pulse width limited by 
max. junction temperature 

© V DD =50V, Starting Tj=25°C, L=36mH, 
R G =25a, Peak l AS =1 .6A 



) l SD ^5.2A, di/dt<95A/us, V DD <BV DSS , 
Tj<1 50°C Suggested R G =1 8Q 

i Pulse width < 300ns; duty Cycle <2% 



(D Mounting surface: 
flat, smooth, greased 

© K/W = °C/W 
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International 



IOR 



PD-9.696 



IRFD9014 



HEXFET® Power MOSFET 



• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

• P-Channel 

Description 




p-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 



BVqss 


-60V 


R DS(on) 


0.50Q 


Id 


-1.1A 




HD-1 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-1 .1 


A 


| D @ T c = 100°C 


Continuous Drain Current, V GS @-10V 


-0.8 


Idm 


Pulsed Drain Current ® 


-8.8 


Pd@ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy @ 


140 


mJ 


Iar 


Avalanche Current CD 


-1.1 


A 


E AR 


Repetitive Avalanche Energy CD 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-4.5 


V/ns 


Tj 

T STG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Resistance 




Parameter 


Max. 


Units 


Rqja 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 



IRFD9014 S 



Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


[)rain-to-Source Breakdown Voltage 


-60 


... 


... 


V 


V GS =0V, l D =-250u.A 






ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 


— 


0.060 


... 


v/°c 


Reference to 25°C, l D = 


=-1mA 


R DS(on) 


Static Drain-to-Source On Resistance 


... 


... 


0.50 


n 


V GS =-10V, l D =-0.66A© 


VGS(th) 


Gate Threshold Voltage 


-2.0 


... 


-4.0 


V 


Vds=V GS . l D =-250u.A 


9fs 


F : orward Transconductance 


0.70 


... 


... 


s 


V DS =-25V, l DS =-0.66A© 


tass 


2!ero Gate Voltage Collector Current 


... 


... 


-250 


uA 


V DS =-60V, V GS =0V 






— 


... 


-1000 




V DS =-48V, V GS =0V,Tj 


=150°C 


'gss 


Gate-to-Source Forward Leakage 


... 


— 


-500 


nA 


V GS =-20V 




Gate-to-Source Reverse Leakage 


— 


... 


500 


V GS =20V 


Qa 


Total Gate Charge 


... 


... 


12 




l D =-6.7A, V DS =-48V, 
V GS =-10V© 


Q fl s 


Gate-to-Source Charge 






3.8 


nC 




Gate-to-Drain ("Miller") Charge 


... 




5.1 




'd(on) 


Turn-On Delay Time 




11 






V DD =-30V, l D =-6.7A 
R G =24£2, R D =4.0fi© 






tr 


Rise Time 


... 


6.3 


... 


ns 






td(off) 


Turn-Off Delay Time 


... 


10 


_._ 






tf 


F : all Time 


— 


31 


___ 










Ld 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 






Ls 


Internal Source Inductance 




6.0 




s 


Ciss 


hput Capacitance 




270 






V GS =0V, V DS =-25v 








Output Capacitance 




170 




pF 


/=1.0Mhz 






Crss 


Reverse Transfer Capacitance 




31 












Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






-1.1 


A 


MOSFET symbol 
showing the / 




D 

A 


Ism 


F'ulsed Source Current 
(Body Diode) © 






-8.8 


integral reverse °\. 
p-n junction diode. 




s 


V SD 


Diode Forward Voltage 






-5.5 


V 


Tj=25°C, l s =-1.1A, V GS =0V© 


trr 


Fieverse Recovery Time 


40 




160 


ns 


Tj=25°C, l F =-6.7A, 






Qrr 


Fieverse Recovery Charge 


0.048 




0.19 


uC 


di/dt=-100A/u.S© 






'on 


Forward Turn-On Time 


Intrinsic turn-on time is 


negligible 


(turn-on is dominated by L s + L 


i 



Notes: 

© Repetitive rating; Pulse width limited by © | SD <-6.7A, di/dt<-90A/(is, V DD <BV DSS , © Mounting surface: 
max. junction temperature jj<1 75°C Suggested R G =24£1 flat, smooth, greased 



© V DD =-25V, Starting Tj=25°C, L=51 mH, © Pulse width < 300us; duty Cycle <2% © K/W = °C/W 
R G =25£2, Peak l AS =-2.0A 



For more information on the same die in a TO-252AA package refer to IRFR9014. 
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PD-9.698 

International 

B Rectifier IRFD9024 

HEXFET® Power MOSFET 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

• P-Channel 

Description 

Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


Id @ T c = 25°C 


Continuous Drain Current, V G s@-10V 


-1.6 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @-10V 


-1.1 


Idm 


Pulsed Drain Current © 


-13 


P D @ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy @ 


140 


mJ 


Ur 


Avalanche Current © 


-1.6 


A 


Ear 


Repetitive Avalanche Energy © 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


-4.5 


V/ns 


Tj 

T ST6 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Resistance 




Parameter 


Max. 


Units 


Bus 


Junction-to-Ambient, Typical Socket Mount 

' 


120 


K/W© 




p-channel 



BV D ss -60V 
RDS(on) 0.28Q 
'd -1.6A 




HD-1 
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IRFD9024 







Electrica 



Characteristics @ Tj = 25 c 



I6SS 



otherwise specified) 





ParamotAr 
r ctl dl 1 It? it; I 


Min. 




Max. 


Units 


Test Conditions 


BV D ss 


\~\ r ti in_tn O r\ i I rr>n VXranbr^rwkm \ //~\ It a n a 

uiain-iu-ouur diociisuuwii vutiayo 


"OU 






V 


VQg— uv, iq — c^jyjyir^ 


AD\/ /aT 


i©mp. ooenicieni oi DreaKoown voltage 








V/ W 


Rofomnr'Q tn L-.1mA 
r\clt?ioI luo IU \j, 'D ' 


H DS(on) 


Static Drain-to-Source On Resistance 








£i 


V GS =-10V, l D -0.96A© 


VGS(th) 


oaie i nresnoio voiiage 


~£..\i 






V 


Vds=Vgs, Id-250jiA 


9fs 


Forward Transconductance 


1 *5 
1 .0 






Q 


Vos=-25V, los=-0-96AK) 


toss 


i.ero oaie voiiage oonecior ourrem 








jiA 


V DS =-60V, V GS -0V 






- 1 uuu 


V DS =-48V, V GS -0V,Tj=150' > C 


i 

Igss 


(jaie-io-oource rorwara Leakage 






-DUU 


nA 


V GS =-20V 


oaie-io-oource neverse Leakage 






ouu 


\/ 

V GS = ^ UV 


Qa 


Total Gate Charge 


... 


— 


19 


nC 


l D =-11A, V DS -48V. V GS =-10V 
See Fig 6 and 13© 


Q gs 


Gate-to-Source Charge 








Qad 


Gate-to-Drain ("Miller") Charge 


... 




11 


td(on) 


Turn-On Delay Time 




1o 




ns 


V DD =-30V, l D =-11A 
R G =18£i, R D =2.5£2 
See Fig. 10© 


k 


Rise Time 




68 




* 

tdfoffj 


1 urn-UTT Delay lime 




lo 




t, 
l f 


Fall Time 








Ld 


Internal Drain Inductance 




4.0 




nH 


Between lead, P 

6mm (0.25in.) Xu3/" D 
from package, J\ 4j 
and center of die Ls 
contact. s 


Ls 


Internal Source Inductance 




6.0 




Qss 


Input Capacitance 




570 




PF 


V GS =0V, V DS =-25v 

/=1.0Mhz 

See Fig, 5 


C ss 


Output Capacitance 




360 




CfSS 


Reverse Transfer Capacitance 


— 


65 


— 



Source-Drain Diode Ratings and Characteristics 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






-1.6 


A 


MOSFET symbol 
showing the / ' , 
integral reverse <*\. || * 
p-n junction diode. — •* 


D 
\ 
S 


Ism 


Pulsed Source Current 
(Body Diode) © 






-13 


V SD 


Diode Forward Voltage 






-6.3 


V 


Tj=25°C, l s =-1.6A, V GS =0V© 


trr 


Reverse Recovery Time 


50 




200 


ns 


Tj=25°C, l F =-11A, 
di/dt=100A/u,S© 


Qrr 


Reverse Recovery Charge 


0.16 




0.64 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by Ls + Ld) 



Notes: 



© Repetitive rating; Pulse width limited by 
max. junct on temperature (See figure 1 1 ) 

® V DD =-25V, Starting Tj=25°C, L=17mH, 
R G =25Q, Peak l AS =-3.2A 



D Isd^-1 1 A, di/dt<-140A/u.s, V DD <BV DSS , © Mounting surface: 
Tj<1 75°C Suggested R G =1 8C1 flat, smooth, 

I Pulse width < 300u.s; duty Cycle <2% © K/W - "C/W 
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IRFD9024 




-V DS , Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 



10-1 , i l 

-V DS , Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T C = 150°C 
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V DS = -25V 

20us PULSE WIDTH 
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-Vgs, Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 



CD 
o 
c 

03 



CD 
CC 



2.0 



C 

OS" 

co E 
c 

'(O 

Q 



0.5 



Q 

tr 







114 


























































































































































































































































































10V 



-60 -40 -20 



B0 100 120 140 160 180 



Tj, Junction Temperature (°C) 

Fig 4. Normalized On- Resistance Vs. 
Temperature 
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IRFD9024 



1250 




20 



-Vd;;, Drain-to-Source Voltage (volts) 



Fig 5. Typical Capacitance Vs. Drain- 
lo-Source Voltage 
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FOR TEST CIRCUIT 
SEE FIGURE 13 



5 10 15 20 

Q g , Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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-V S d, Source-to-Drain Voltage (volts) 
Fig 7 Typical Source-Drain Diode 




-Vds> Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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IOR 



IRFD9024 



2.0 



1.6 



in 



t 

8 

i 



0.4 



1.2 



0.B 



0.0, 



25 




50 



75 



100 125 

Tc, Case Temperature (°C) 



150 175 



Fig 9. Maximum Drain Current Vs. 
Case Temperature 




±v DD 



Fig 10a. Switching Time Test Circuit 

l d(on) tr td(off) tf 



Vgs 
10% 



90% 
Vds 







/i 






\ 1 
\l 



Fig 10b. Switching Time Waveforms 




NOTES: 

1. DUTY FACTOR. D-tj/t 2 

2. PEAK Tj-Pqh X Z thJC 4 T C 



10 2 10 3 

Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 



io" 4 icr 3 io -2 o.i l 10 
U, Rectangular Pulse Duration (seconds) 



IRFD9024 




iv DD 



Test Circuit 
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v DS 1 \^ 
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t p — 
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1 BV, 
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Fig 12b. Undamped Inductive Waveforms 
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Fig 13a. 
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Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Current Regulator 
Same Type 
as D.U.T. 
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 
Appendix 1: Package Outline Mechanic," 1 
Appendix [): Part Marking Information 



International 
Rectifier 



International 
S Rectifier 







PD-9.389G 



IRFD9110 



HEXFET® Power MOSFET 



• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

• P-Channel 

Description 




p-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 



Absolute Maximum Ratings 



BVqss 


-100V 


RDS(on) 


1.2Q 


Id 


-0.70A 




HD-1 

Similar to M0-001AN 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-0.70 




l D @T c = 100°C 


Continuous Drain Current, V GS @-10V 


-0.49 


A 


'dm 


Pulsed Drain Current © 


-5.6 




P D @ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


140 


mJ 


Iar 


Avalanche Current © 


-0.70 


A 


Ear 


Repetitive Avalanche Energy © 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-5.5 


V/ns 


Tj 


Operating Junction and 


-55 to +175 




T STQ 


Storage Temperature Range 




°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 




Thermal Resistance 




Parameter 


Max. 


Units 


RflJA 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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IRFD9110 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 




Drain-to-Source Breakdown Voltage 


-100 






V 


V GS =0V, l D =-250u.A 


ABVnWATi 


Temp. Coefficient of Breakdown Voltage 




0.091 




V/"C 


Reference to 25°C, l0=-1mA 


^DS(on) 


Static Drain-to-Source On Resistance 






1.2 


n 


V GS =-10V, l D =-0.42A© 


v OiS(th) 


Gate Threshold Voltage 


-2.0 




-4.0 


V 


Vqs=Vgs. I d =-250uA 


yfs 


Forward Transconductance 


0.60 






s 


RDV U. f) 49Affl 

Vqs — -v>UV, iQg— -U.H^lM^f 


'dss 


Zero Gate Voltaae Collector Current 

j-t^n-i active »wnayo vuiicului vuiioiii 






-250 




V DS =-100V, V GS =0V 






-1000 


V DS =-80V, V GS =0V,Tj=150°C 


i 

'gss 


Gate-to-Source Forward Leakage 






-500 


nA 


V GS =-20V 


Gate-to-Source Reverse Leakage 






500 


V- C -20V 




Total Gate Charge 


— 


... 


8.7 


nC 


l D =-4.0A, V DS =-80V, V GS =-10V 
See Fig 6 and 13© 


Q 


Gatp-to-Sourfp Charne 






2.2 


Qqd 


Gate-to-Drain ("Miller") Charge 


... 




4.1 


tyon) 


Turn-On Delay Time 




10 




ns 


V DD =-50V, l D =-4.0A 
R G =24£2, R D =1in 
See Fig. 10© 


t r 
L r 


Rise Time 

1 1 1 1 II MV 




27 




fd(off) 


Turn-Off Delav Time 

1 Ul 1 1 »-> 1 1 1— ' UluV 1 II 




15 




t, 


1- alt Time> 

1 CAII 1 1 1 1 IC 




17 




L D 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) < 
from package, J 
and center of die 
contact. 


D 

^ — 'T L s 


Ls 


Internal Source Inductance 




6.0 




Ciss 


Input Capacitance 




200 




pF 


V GS =0V, V DS =-25v 
/=1.0Mhz 


Coss 


Output Capacitance 




94 




Crss 


Reverse Transfer Capacitance 




18 


— 


Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
iBody Diode) 






-0.70 


A 


MOSFET symbol 
showing the / 
integral reverse 'a 
p-n junction diode. 




D 
'\ 

S 


Ism 


Pulsed Source Current 
(Body Diode) © 






-5.6 


Vsd 


Diode Forward Voltage 






-5.5 


V 


Tj=25°C, l s =-0.70A, V GS =0V© 


trr 


Reverse Recovery Time 


41 




160 


ns 


Tj=25°C, l F =-4.0A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.075 




0.30 


nc 


'on 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive -ating; Pulse width limited by 
max. junction temperature (See figure 11) 

® V DD =-25V, Starting Tj=25°C, L=53mH, 
R G =25f2, F'eak l AS =-2.0A (See figure 12) 



) l SD S-4.0A, di/dt<-75A/u.s, V DD <BV DSS , 
Tj<175°C Suggested R G =24i2 



© Mounting surface: 
flat, smooth, greased 



1 Pulse width < 300u.s; duty Cycle <2% © K/W = °CA/V 
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IRFD9110 




10° 10 1 

-V DS , Drain-to-Source Voltage (volts) 

Fig 1. Typical Output Characteristics, 
T c = 25°C 



-Vqs. Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T C = 150°C 
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-Vgs. Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 

Fig 4. Normalized On-Resistance Vs. 
Temperature 



IRFD9110 



IOR 



V GS = OV. f = 1MHz 

C iss - C gs + C gd , C ds SHORTED 




20 



-Vds, Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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FOR TEST CIRCUIT 
SEE FIGURE 13 
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Qg, Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 



c/> 
Q. 

E 
< 

CD 



S 100 



O 
c 

2 

Q 

CD 

V) 
v_ 

CD 

> 

cc 
o 



io-> 





















































































































°c / 




















25°C 




































































































































GS 


= OV 



1.0 2.0 3.0 4.0 

-Vsd. Source-to-Drain Voltage (volts) 
Fig 7. Typical Source-Drain Diode 
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Fig 8. Maximum Safe Operating Area 
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1RFD9110 





T c , Case Temperature (°C) 
Fig 9. Maximum Drain Current Vs. FigiOb. Switching Time Waveforms 

Case Temperature 




IRFD9110 



I«R 



Vary tp to obtain 
required peak \\_ 
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Fig 12a. Undamped Inductive Test Circuit 45 
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Fig 12b. Undamped Inductive Waveforms 
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Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Fig 13a Basic Gate Charge Waveform 



Current Sampling Resistors 

Fig 13b. Gate Charge Test Circuit 



Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 
Appendix B: Package Outline Mechanical Drawing 

Appendix D: Part Marking Information IntGITIclftiOncll 
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PD-9.331H 



International 
SMI Rectifier 







IRFD9120 



HEXFET® Power MOSFET 



• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

Description 




p-channel 



BVqss 


-100V 


R DS(on) 


0.60Q 


Id 


-1.0A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 




Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-1.0 




l D @T c = 100°C 


Continuous Drain Current, Vqs@-10V 


-0.70 


A 


'dm 


Pulsed Drain Current © 


-8.0 




Pd@ T c = 25°C 


Maximum Power Dissipation 


1.25 


W 




Linear Derating Factor 


0.0083 


W7K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy © 


140 


mJ 


Ur 


Avalanche Current ® 


-1.0 


A 


Ear 


Repetitive Avalanche Energy © 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


-5.5 


V/ns 


Tj 


Operating Junction and 


-55 to +175 




T S TG 


Storage Temperature Range 




°C 




Soldering Temperature, for 1 sec. 




300 (0.063 in. (1 .6mm) from case) 




Thermal Resistance 




Parameter 


Max. 


Units 


RyA 


Junction-to-Ambient, Typical Socket Mount 

' 


120 


K/W© 
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IRFD9120 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


[)rain-to-Source Breakdown Voltage 


-100 


— 


— 


V 


V GS =0V, l D =-250uA 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 


— 


0.10 


— 


V/°C 


Reference to 25°C, l D = 


-1mA 


RDS(on) 


Static Drain-to-Source On Resistance 


— 


— 


0.60 


a 


V GS =-10V, l D =-0.60A© 


VGS(th) 


Gate Threshold Voltage 


-2.0 


— 


-4.0 


V 


Vds=Vgs. l D -250|iA 


9fs 


F orward Transconductance 


0.71 


— 


— 


s 


V DS =-50V, l DS =-0.60A© 


bss 


2:ero Gate Voltage Collector Current 


— 


— 


-250 


uA 


V DS =-100V, V GS =0V 






— 


— 


-1000 




V DS =-80V, Vgs=0V,Tj=150°C 


Igss 


Gate-to-Source Forward Leakage 


— 


--- 


-500 


nA 


V GS =-20V 




Gate-to-Source Reverse Leakage 






500 


V GS =20V 


Q fl 


Total Gate Charge 


... 


... 


18 




l D =-6.8A, V DS =-80V, V 
See Fig 6 and 13© 


gs=-10V 


Q fl s 


Gate-to-Source Charge 






3.0 


nC 


Qgd 


Gate-to-Drain ("Miller") Charge 


— 


— 


9.0 








td(on) 


Turn-On Delay Time 


— 


9.6 


... 




V DD =-50V, l D =-6.8A 
R G =18fl, R D =7.m 
See Fig. 10© 


tr 


Flise Time 


... 


29 


... 


ns 


td(off) 


Turn-Off Delay Time 


— 


21 


... 


tf 


F all Time 




25 






Ld 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, G [ 
and center of die 
contact. 


i 




Ls 


Internal Source Inductance 




6.0 




s 




Ciss 


Input Capacitance 




390 






Vgs=0V, V DS =-25v 






C css 


Output Capacitance 




170 




pF 


/=1.0Mhz 






C rss 


Fieverse Transfer Capacitance 
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See Fig. 5 






Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






-1.0 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 







Ism 


Pulsed Source Current 
(Body Diode) CD 






-8.0 


) 

s 


V SD 


Ciode Forward Voltage 






-6.3 


V 


Tj=25°C, l s -1.0A, V G e-0V® 


trr 


Reverse Recovery Time 


49 




200 


ns 


Tj=25°C, l F =-6.8A, 






Qrr 


Reverse Recovery Charge 


0.17 




0.66 


uC 


di/dt=100A/uS© 






ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Ln) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction temperature (See figure 11) 

© V DD =-25V, Starting Tj=25°C, L=55mH, 
R G =25£i, Puak l A s=-2.0A (See figure 12) 



) l SD <-6.8A, di/dt<-110A/u.s, V DD <BV DS . 
Tj<175°C Suggested R G =18n 



i Mounting surface: 
flat, smooth, greased 



© Pulse width < 300ns; duty Cycle <2% © K/W - °C/W 
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IOR 



IRFD9120 




10° 10 1 

-V D s, Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 




-V DS , Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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-V GS , Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 
Fig 4. Normalized On-Resistance Vs. 
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IRFD9120 



900 




10° 10 1 

-Vds, Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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Q g , Total Gate Charge (nC) 
Fig 6. Typical Gate Charge Vs. Gate- 




-V S d. Source-to-Drain Voltage (volts) 
Fig 7. Typical Source-Drain Diode 
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-Vds, Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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IOR 



IRFD9120 
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Fig 9. Maximum Drain Current Vs. 
Case Temperature 




Fig 10a. Switching Time Test Circuit 
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Fig 10b. Switching Time Waveforms 
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Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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IRFD91 20 



I«R 



Vary tp to obtain 
required peak l|. 




Fig 12a. Undamped 



Test Circuit 
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Fig 12b. Undamped Inductive Waveforms 
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Current Sampling Resistors 

Fig 13b. Gate Charge Test Circuit 



Appendix A : Figure 14, Peak Diode Recovery dv/dt Test Circuit 
Appendix B: Package Outline Mechanical 



Appendix D: Part I 



Information 



International 
S Rectifier 



Target Data Sheet PD-9.387G 



International 



IOR 



IRFD9210 



HEXFET® Power MOSFET 



Repetitive Avalanche Rated 
Dynamic dv/dt Rated 
For Automatic Insertion 
End Stackable 



Description 





<j>D 


G V 


w 




6S 


p-channel 



BVqss 


-200V 


R DS(on) 


3.0Q 


Id 


-0.4A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 





Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-0.40 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @-10V 


-0.26 


'dm 


Pulsed Drain Current © 


-3.2 


Pd@ T c = 25°C 


Maximum Power Dissipation 


1.0 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy © 


59 


mJ 


'ar 


Avalanche Current © 


-0.40 


A 


Ear 


Repetitive Avalanche Energy © 


0.10 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-5.0 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Max. 


Units 


R eJA 


Junction-to-Ambient, Typical Socket Mount 


120 

i 


K/W© 
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IRFD9210 







Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 





rdldlTloloi 


Min. 


Typ. 


Max. 


1 Initc 


1 CM VsUMUIllUMo 


BV DSS 


D 'ain-to-Source Breakdown Voltage 








V 


»GS =UV, ln=-tDU|J,M 


AtSV DSS /A 1 j 


i ump. uuc 1 1 loie i u ui DiodKuuvvn vuiidyt? 








\Jl°C' 

V/ \j 


Rafpronpp tn l n 1mA 

nciciciioc iu u, iq= mum 


Q 


Slatic Drain-to-Source On Resistance 






O.U 


Q 


V GS =-10V, l D =-0.24A© 


^GSfth) 


a+a T"h roe hrt l/H \/i"iltocio 
OalO IMltfbflUIU VUHctyt? 


-2.0 




-4 


V 


V DS =V G s. l D =-250u.A 


9fs 


Forward Transconductance 


n/a 






c 




Vds=~^UV, Ids=-0.^4A\4J 


1 

loss 


i.t)ro oaxe vonage ooiiecior L/urreni 








U.A 


V DS =-200V, V GS =0V 






-innn 


V DS =-160V, V GS =0V,Tj=125 o C 


'GSS 


— — 

G 3t©-to-Sourc6 rorward Leakage 






-ouu 


nA 


V GS =-20V 


G-ate-to-Source Reverse Leakage 






ar\f\ 
OUU 


w on\/ 


Q 


Tcital Gate Charge 


... 


... 


6.0 


nC 


l D =-2.4A, V DS =-160V, 
V GS =-10V© 


Q 95 


Gate-to-Source Charge 






1.2 


Qqd 


Gate-to-Drain ("Miller") Charge 


... 




3.6 


l d(on) 


Turn-On Delay Time 




o 

Q 




ns 


V DD =-100V, l D =-2.4A 
R G =24n, R D =42£i© 


<r 


Rise Time 




15 






Tl rn-Off Delay Time 




10 




t. 


Fa ll Time 




8 




Ld 


Inlernal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) , 
from package, J 
and center of die 
contact. 


s 


Ls 


Inlernal Source Inductance 




6.0 






Input Capacitance 




160 




pF 


V G s=0V, V DS =-25v 
/=1.0Mhz 


C ss 


Output Capacitance 




50 




C r ss 


Reverse Transfer Capacitance 




12 


— 


Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Ccntinuous Source Current 
(Body Diode) 






-0.4 


A 


MOSFET symbol 
showing the / 
integral reverse ^ 
p-n junction diode. 


.Vsi 


D 
') 

S 


Ism 


Pulsed Source Current 
(Body Diode) © 






-3.2 


V SD 


Diode Forward Voltage 






-5.8 


V 


Tj=25°C, l s =-0.4A, V GS =0V© 


trr 


Reverse Recovery Time 


n/a 




n/a 


ns 


Tj=25°C, l F =-2.4A, 
di/dt=-100A/u.S© 


Qrr 


Reverse Recovery Charge 


n/a 




n/a 


jiC 


ton 


Fo-ward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive rat ng; Pulse width limited by 
max. junction temperature 



© I S dS-2.4A, di/dt<-90A/u.s, V DD <BV DSS , © Mounting surface: 
Tj<1 50°C Suggested R G =24fl flat, smooth, greased 



© V DD =-50V, Starting Tj=25°C, L=140mH, 
R G =250, Pecik l AS =-0.8A 



> Pulse width < 300u.s; duty Cycle <2% © K/W = "C/W 



Target Data Sheet: Specification Pending; Contact Factory for Update 
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International 
[^Rectifier 



Target Data Sheet PD-9.439B 



IRFD9220 



HEXFET® Power MOSFET 



• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

• P-Channel 

Description 




p-channel 



BVqss 


-200V 


RDS(on) 


1.5Q 


Id 


-0.58A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 




Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V G s@-10V 


-0.58 




l D @T c = 100°C 


Continuous Drain Current, V GS @-10V 


-0.36 


A 


'dm 




Pulsed Drain Current © 


-4.6 




P D @ T c = 25°C 


Maximum Power Dissipation 


1.0 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vqs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


39 


mJ 


'ar 


Avalanche Current © 


-0.58 


A 


Ear 


Repetitive Avalanche Energy © 


0.10 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


-5.0 


V/ns 


Tj 


Operating Junction and 


-55 to +150 




T S TG 


Storage Temperature Range 




°C 




Soldering Temperature, for 1 sec. 


300 (0.063 in. (1.6mm) from case) 




Thermal Resistance 




Parameter 


Max. 


Units 


tSyfi 1 


Junction-to-Ambient, Typical Socket Mount 



120 


K/W© 
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IRFD9220 



Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 









Parameter 


Min. 


Tvd 


Max. 


Units 


Test Conditions 


BVqss 


Drain-to-Source Breakdown Voltage 


-200 






V 


VrQ=0V ln=-250uA 


ABVn<;<:/ATi 


Temp. Coefficient of Breakdown Voltage 




n/a 




V/°C 


Reference to 25°C, lo=-1mA 


^DS(on) 


Static Drain-to-Source On Resistance 






1.5 


£} 


V GS =-10V, l D =-0.35A© 


^GS(th) 


Gate Threshold Voltage 


-2.0 




-4.0 


V 


Vds=Vgs. Id=-250liA 


fit 

yfs 


Fc rward Transconductance 


n/a 






s 


VQ5— tjv, u.ocjM^y 


tass 


Zero Gate Voltage 


Dollector Current 






-250 


LlA 


V DS =-200V, V GS =0V 










-1000 


V DS =-160V, V GS =0V,T J =125 <1 C 


IGSS 


f^;ttp-tn-fini irr-p Fnrwarri 1 pakanp 

vjcuc lU ouuiuc i uiwaiu L_car\a^c 






-500 


nA 


V GS =-20V 


Gate-to-Source Reverse Leakage 






500 


v/___on\/ 

v GS - '- uv 






Tctal Gate Charge 


— 


— 


13 


nC 


l D =-4.0A, V OS =-160V, 
V GS =-10V© 


o 


Gate-to-Source Charge 










Gate-to-Drain ("Miller") Charge 


... 




7.6 


^d(on) 


Turn-On Delay Time 




20 




ns 


V DD =-100V, l D =-4.0A 
R G =18n, R D =25n© 


t 


Ri:»e Time 




30 




td(off) 


Turn-Off Delay Time 




25 




t f 


Fall Time 




20 




Ld 


Internal Drain Inductance 




4.0 




nH 


Between lead, P 
6mm (0.25in.) /jT~~f\ LD 
from package, Jj F*i 4-j 
and center of die "V_-@Y S 
contact. s 


Ls 


Intsrnal Source Inductance 




6.0 




C iss 


Input Capacitance 




340 




pF 


V GS =0V, V DS =-25v 
/=1.0Mhz 


C ss 


Oitput Capacitance 




105 




C rss 


Reverse Transfer Capacitance 






... 



Source-Drain Diode Ratings and Characteristics 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






-0.58 


A 


MOSFET symbol sr~>. 
showing the | Lj 
integral reverse ^ 
p-n junction diode. 


D 
'| 

S 


Ism 


Pulsed Source Current 
(Body Diode) © 






-4.6 


V SD 


Diode Forward Voltage 






-6.3 


V 


Tj=25°C, l s =-0.6A, V GS =0V© 


trr 


Reverse Recovery Time 


n/a 




n/a 


ns 


Tj=25°C, l F =-4.0A, 
di/dt=-100A/uS© 


Qrr 


Reverse Recovery Charge 


n/a 




n/a 


uC 


ton 


Foi-ward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive rat ng; Pulse width limited by 
max. junction temperature 

© V DD =-50V, Starting Tj=25°C, L=41mH, 
R G =25£i, Peak l A s=-1-2A 



) l SD 5S-4.0A, di/dt<-90A/u.s, V DD <BV DSS , 
Tj<1 50°C Suggested R G =24S2 



> Mounting surface: 
flat, smooth, greased 



© Pulse width < 300lis; duty Cycle <2% © K/W = °C/W 



Target Data Sheet: Specification Pending; Contact Factory for Update 
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PD-9.701 



International 
S Rectifier 



IRFR014 



HEXFET® Power MOSFET 

• Surface Mount (IRFR014) 
•Straight Lead (IRFU014) 

• Dynamic dv/dt Rated 



Description 




AS 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU014 



BVqss 


60V 


R DS(on) 


0.20Q 


Id 


8.4A 




D-Pak 

TO-252AA |_ Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, Vqs@10V 


8.4 


A 


l D @T c -100°C 


Continuous Drain Current, V GS @10V 


6.0 




Pulsed Drain Current © 


34 


P D @ T c - 25"C 


Maximum Power Dissipation 


30 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy ® 


47 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


4.5 


V/ns 


Tj 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R 9JC 


Junction-to-Case 






5.0 


KA/V© 




Case-to-Sink © 




1.7 






Junction-to-Ambient, Typical Socket Mount 






110 
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IRFR014, IRFU014 



Electrical (Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


IVldX , 


Units | Test Conditions 


BV DS s 


D 'ain-to-Source Breakdown Voltage 


en 


""" 
0.63 


""" 


w 
V 


\/ f\\/ 1 OCrti • A 

V(3s=UV, lrj^<ibU)XA 


AQ\/ /aT 


Torop. Coefficient of Breakdown Voltage 






Reference to 25°C, l D =1 mA 


HDS(on) 


Slatic Drain-to-Source On Resistance 








a 


V G s=10V, l D =5.0A© 


v GS(th) 


Gate Threshold Voltage 


9 Ci 

£ .u 




a n 


V 


Vds=Vgs. Id=250u.A 


9fs 


Forward Transconductance 








s 


V DS =25V, l ns =5.0A© 


!dsS 


Zoro Gate Voltage Collector Current 






C.OU 


uA 


V DS =60V, V GS =0V 








V DS =48V, V GS =0V,Tj=150°C 


'GSS 


O ilciU OUUII^c rOfWdlU LtJar\ciyt; 








nA 


V GS =20V 


/"^ t ^ +rt Ca i i r O \ /area 1 r^nl/ onn 

<jiiie-TO-oource neverse LeaKage 






-ouu 


V GS =-20V 


Qo 


Total Gate Charge 


... 


— 


11 


nC 


l D =1 OA, V DS =48V, V GS =10V 
See Fig 6 and 13© 


U QS 


Caute-to-bource Unarge 






3.1 


Qqd 


Gate-to-Drain ("Miller") Charge 


... 


... 


5.8 


td(on) 


Turn-On Delay Time 




1 




ns 


V DD =30V, l D =10A 
R G =24fi, R D =2.7n 
See Fig. 10© 


lr 


Rise Time 




50 




l d(off) 


Ti rn-Off Delay Time 




13 




if 


Fell Time 




19 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) , 
from package, <J 
and center of die 
contact. 


D 

s 


Ls 


Internal Source Inductance 




7.5 




Ciss 


Input Capacitance 




300 




pF 


V GS =0V, V DS =2 
/=1.0Mhz 
See Fig. 5 


Coss 


CXtput Capacitance 




160 




Crss 


Reverse Transfer Capacitance 
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— 


Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






8.4 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 




D 

) 

S 


!sm 


Puised Source Current 
(Body Diode) © 






34 


V SD 


Diode Forward Voltage 






1.6 


V 


Tj=25°C, l s =8.4A, V GS =0V© 


trr 


Re/erse Recovery Time 


34 




140 


ns 


Tj=25°C, l F =10A, 
di/dt=100A/u.S© 


Qrr 


Re/erse Recovery Charge 


0.090 




0.40 


uC 


ton 


Foiward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 



© Repetitive rating; Pulse width limited by 
max. junction temperature (See figure 1 1) 

© V DD =25V, Starting Tj=25°C, L=850u.H, 
R G =25il, Peak l AS =8.4A (See figure 12) 



D ! SD ^8-4A, di/dt<90A/u.s, V DD <BV DSS , 
Tj<175°C Suggested R G =24Q 

> Pulse width < 300u.s; duty Cycle 



© Mounting surface: 
flat, smooth, greased 

© K/W = °C/W 
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IRFU014, IRFR014 




Vqs, Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 
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Vds, Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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Vqs, Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 

Fig 4. Normalized On-Resistance Vs. 
Temperature 
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IRFR014, IRFU014 



BOO 




Vqs, Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source 
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12 



15 



Q g , Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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V S d, Source-to-Drain Voltage (volts) 
Fig 7. Typical Source-Drain Diode 




V D s, Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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IOR 



IRFU014, IRFR014 
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Tc, Case Temperature (°C) 

Fig 9. Maximum Drain Current Vs. 
Case Temperature 




Fig 10a. Switching Time Test Circuit 




td(on) t r 



^d(off) 



Fig 10b. Switching Time Waveforms 




ti, Rectangular Pulse Duration (seconds) 
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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IRFR014, IRFU014 



Vary tp to obtai t 
required peak l|. 




Fig 12a. Undamped Inductive Test Circuit 
n bv dss 
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Fig 12b. Undamped Inductive Waveforms 
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Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Fig 13a. Basic Gate Charge Waveform 



Current Sampling Resistors 

Fig 13b. Gate Charge Test Circuit 



Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 

Appendix B: Package Outline Mechanical Drawing 

Appendix C: Tape & Reel Information 

Appendix D: Part Marking Information 
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International 
k»1 Rectifier 



PD-9.702 



International 
S Rectifier 



IRFR024 



HEXFET® Power MOSFET 

• Surface Mount (IRFR024) 
•Straight Lead (IRFU024) 

• Dynamic dv/dt Rated 



Description 





















n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU024 



BVqss 


60V 


R DS(on) 


0.1 on 


Id 


16A 




D-Pak 

TO-252AA |_pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


16 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


11 




Pulsed Drain Current © 


64 


Pd@ T c = 25°C 


Maximum Power Dissipation 


50 


W 




Linear Derating Factor 


0.33 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


91 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.5 


V/ns 


Tj 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R 9JC 


Junction-to-Case 






3.0 


K/W© 


Recs 


Case-to-Sink © 




1.7 






Junction-to-Ambient, Typical Socket Mount 






110 
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IRFR024, IRFU024 



IOR 



Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Tvd 


Max. 


Units 


Test Conditions 


BV DSS 


Drain-to-Source Breakdown Voltage 


60 






V 




ABVrvcc/AT, 


Tomo Coefficient of Breakdown Voltaae 




0.061 




v/°c 


Reference to 25°C ln=1 mA 


RDS(on) 


^1atin Drain-tn-^ni \rre* On RAQictanfA 






0.10 


£i 


V GS =10V, l D =9.6A© 


^GS(th) 


vjanc i iiicoiilmu vuiiayc 


2.0 




4.0 


V 


V D S=Vgs. I D =250uA 


9fs 


rulVYalU 1 [ al lowMUUUlal IOC 


6.2 






s 




tass 


/-MU VUllayt? wUIIC^lUI WUIIdll 






250 


uA 


V DS =60V, V GS =0V 






1000 


V DS =48V, V GS =0V,Tj=150°C 


'gss 


G,3te-to-Source Forward Lpakaoe 






500 


nA 


V GS =20V 


VJillc LU OUUILC ncvcioc LcdlNdyt; 






-son 


V GS~ ^ UV 


Q fl 


Total Gate Charge 


... 


... 


28 


nC 


l D =14A, V DS =48V, V GS =10V 
See Fig 6 and 13© 










5.4 




Gute-to-Drain ("Miller") Charge 


— 




13 


l d(on) 


Xi irn-On DaIsu XimA 
i u 1 1 wi i L/ciciy i nut; 




8.6 




ns 


V DD =30V, l D =14A 

R G =i8n, R D =2.on 

See Fig. 10© 


t 

l r 


Rica XimA 
nibc I II r its 








'd(off) 


Xi irn-Off DaI^y/ Xi m o 
IL'III WM UKS\ay IN lit? 








t, 
l f 


II Time 

rciii i ime 




O/ 




L D 


Inlernal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


c 

s 


Us 


Ls 


Inlernal Source Inductance 




7.5 




Ciss 


Input Capacitance 




640 




pF 


V GS =0V, V DS =2(See figure 12) 

/=1.0Mhz 

See Fig. 5 


Coss 


Output Capacitance 




360 




Crss 


Reverse Transfer Capacitance 
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Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






16 


A 


MOSFET symbol 
showing the I 
integral reverse ^ 
p-n junction diode. 




D 
5 


Ism 


Ptlsed Source Current 
(Body Diode) © 






64 


Vsd 


Diode Forward Voltage 






1.5 


V 


Tj=25°C, l s =16A, V GS =0V© 


trr 


Reverse Recovery Time 


49 




200 


ns 


Tj=25°C, l F =14A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.22 




0.88 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction temperature (See figure 11) 



) l SD <1 6A, di/dt<1 1 0A/u-s, V DD <BV DSS , © Mounting surface: 
Tj<1 75°C Suggested R G =1 8ii flat, smooth, greased 



i V DD =25V, Starting Tj=25°C, L=450u.H, 
R G =25Q, Peuk l AS =1 6A (See figure 12) 



' Pulse width < 300u.s; duty Cycle <2% 



= °C/W 
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IRFU024, 1RFR024 




10" 1 10° 10 1 

V D s. Drain-to-Source Voltage (volts) 
Fig 1 . Typical Output Characteristics, 




iir 1 io° io 1 

V D s. Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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Fig 3. Typical Transfer Characteristics 
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IRFR024, IRFU024 



1250 




20 



Vds. Drain-to-Source Voltage (volts) 



Fig 5. Ty pical Capacitance Vs. Drain- 
to-Source Voltage 
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24 



Q g , Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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IOR 



IRFU024, IRFR024 
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Tc, Case Temperature (°C) 



Fig 9. Maximum Drain Current Vs. 
Case Temperature 





.RXhov 

Pulse Widths 1us 
Duty Factors 0.1% 



Fig 10a. Switching Time Test Circuit 




td(on) 'r 



td(off) tf 



Fig 10b. Switching Time Waveforms 




ti, Rectangular Pulse Duration (seconds) 
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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IRFR024, IRFU024 



I«R 



Vary t p to obtain 
required peak l L 




250 



Fig 12a. Undamped Inductive Test Circuit 
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Fig 12b. Undamped Inductive Waveforms 
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Starting Tj, Junction Temperature (°C) 

Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Current Sampling Resistors 

13b. Gate Charge Test Circuit 



Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 

Appendix B: Package Outline Mechanical Drawing 

Appendix C: Tape & Reel Information 

Appendix D: Part Marking Information 
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International 
§*] Rectifier 



PD-9.524C 



International 
S Rectifier 



1RFR110 



HEXFET® Power MOSFET 

•Surface Mount (IRFR1 10) 
•Straight Lead (IRFU110) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 



Description 




iS 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 
are possible in SMD applications. 



IRFU110 



BVqss 


100V 


R DS(on) 


0.54Q 


Id 


4.7A 




D-Pak 

TO-252AA |-Pak 
TO-251AA 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


4.7 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


3.3 


•dm 


Pulsed Drain Current © 


19 


Pd@ T c = 25°C 


Maximum Power Dissipation 


30 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


100 


mJ 


Iar 


Avalanche Current © 


4.7 


A 


Ear 


Repetitive Avalanche Energy © 


3.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


5.5 


V/ns 


Tj 

T STG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rojc 


Junction-to-Case 


™ 




5.0 


KA/V© 


Recs 




Case-to-Sink © 




1.7 




R«ja 


Junction-to-Ambient, Typical Socket Mount 


... 




110 
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IRFR110, IRFU110 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


Drain-to-Source Breakdown Voltage 


100 






V 


V GS =0V, l D =250uA 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 




0.12 




v/°c 


Reference to 25 C, Iq=1 mA 


R DS(on) 


Static Drain-to-Source On Resistance 






0.54 


n 


V GS =10V, l D =2.8A© 


V GS(th) 


Gc.te Threshold Voltage 


d.U 




A ft 

4.0 


V 


V D S=V G S. I D =250uA 


9fs 




Forward Transconductance 


1.6 






s 


V DS =50V, l DS =2.8A© 


bss 


Zero Gate Voltage Collector Current 






250 


u-A 


V DS =100V, V GS =0V 






1000 


V DS =80V, V GS =0V,Tj=150°C 


Igss 




Gcite-to-Source Forward Leakage 






500 


nA 


V GS =20V 


Gcite-to-Source Reverse Leakage 






-500 


V GS =-20V 


Qo 


Total Gate Charge 


— 


... 


8.3 


nC 


l D =5.6A, V DS =80V, V GS =10V 
See Fig 6 and 13© 


Ops 


Gcite-to-Source Charge 






2.3 


Q gd 


Gcite-to-Drain ("Miller") Charge 


— 


... 


3.8 


l d(on) 


Turn-On Delay Time 


... 


6.9 




ns 


V DO =50V, l D =5.6A 
R G =24Q, R D =8.4ii 
See Fig. 1 0© 


tr 


Ri se Time 


- 


16 


""" 


td(off) 


Turn-Off Delay Time 




15 




tf 


Fall Time 




9.4 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) , 
from package, ^ 
and center of die 
contact. 


D 

s 


Ls 


Internal Source Inductance 




7.5 




Qss 


Input Capacitance 




180 




PF 


V GS =0V, V DS =25V 
/=1.0Mhz 
See Fig. 5 


C oss 


Output Capacitance 




80 




C rS s 


Rtiverse Transfer Capacitance 




15 




Source-Dra in Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


's 


Continuous Source Current 
(Body Diode) 






4.7 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 




D 

s 


Ism 


Pulsed Source Current 
(Bsdy Diode) © 






19 


Vsd 


Di Dde Forward Voltage 






2.5 


V 


Tj=25 C, l s =4.7A, V GS =0V© 


trr 


Reverse Recovery Time 


50 




200 


ns 


Tj=25°C, l F =5.6A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.22 




0.88 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction temperature (See figure 11) 

® V DD =25V, Starting Tj=25°C, L=7.4mH. 
R G =25Q, Peak l A s=4.7A (See figure 12) 



® I S d^4.7A, di/dt<75A/u.s, V DD <BV DSS , 
Tj<1 75°C Suggested R G =24fi 

® Pulse width < 300u.s; duty Cycle <2% 



> Mounting surface: 
flat, smooth, greased 

I K/W = °C/W 
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IOR 



IRFU110, IRFR110 




Vds, Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 




Vds. Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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Vgs. Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Fig 4. Normalized On- Resistance Vs. 
Temperature 
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IRFR110, IRFU110 




20 



Vds. Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to -Source Voltage 
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FOR TEST CIRCUIT 
SEE FIGURE 13 



10 



Qg, Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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Fig 7. Typical Source-Drain Diode 
Forward Voltage 



1.2 



Cl 

E 
< 

c 

03 
i 

a 
O 
c 
're 

Q 




Vds> Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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TOR 



1RFU110, IRFR110 




T c , Case Temperature (°C) td < on > tr td < off > tf 



Fig 9. Maximum Drain Current Vs. Hg 10b. Switching Time Waveforms 

Case Temperature 

10 I i I I I em I I I I M ill I I I I M ill I I I 1 M i l l I I I I M il l I I M M ill 




ti, Rectangular Pulse Duration (seconds) 
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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IRFR110, IRFU110 



Vary tp to obtain 
required peaK i(. 




Fig 12a. Undamped Inductive Test Circuit 

BV DSS 
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Fig 12b. Undamped Inductive Waveforms 
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Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Appendix A: Figure 1 4, Peak Diode Recovery dv/dt Test Circuit 

Appendix B: Package Outline Mechanical Drawing 

Appendix C: Tape & Reel Information 

Appendix D: Part Marking Information 
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International 
S Rectifier 



PD-9.523C 



International 
S Rectifier 



IRFR120 



HEXFET® Power MOSFET 



Surface Mount (IRFR1 20) 
Straight Lead (IRFU120) 
Repetitive Avalanche Rated 
Dynamic dv/dt Rated 



Description 




AS 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU120 



BVqss 


100V 


RDS(on) 


0.27Q 


Id 


8.4A 




D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


Id @ T c = 25°C 


Continuous Drain Current, Vqs@ 1 0V 


8.4 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


6.0 


'dm 


Pulsed Drain Current © 


34 


P D @ T c = 25°C 


Maximum Power Dissipation 


50 


W 




Linear Derating Factor 


0.33 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy ® 


210 


mJ 


Iar 


Avalanche Current © 


8.4 


A 


Ear 


Repetitive Avalanche Energy © 


5.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.5 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rsjc 


Junction-to-Case 






3.0 


K/W© 


Rocs 


Case-to-Sink © 




1.7 




Rsja 


Junction-to-Ambient, Typical Socket Mount 






110 
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IRFR120, IRFU120 S 





Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min 

Mm. 


Typ. 


Max. 


1 In lie 

units 


1 cbl wonuiuurib 


BV DSS 


Drain-to-Source Breakdown Voltage 


1 fin 
1 uu 






V 


V GS =UV » Id = " u H- m 


AdV dss /ATj 


Tijmp. Coefficient of Breakdown Voltage 




fi 11 




v/ o 


neierence to c.o o, i0=imA 


H DS(on) 


S:atic Drain-to-Source On Resistance 






fi 17 


Q 


V GS =10V, l D =5.0A© 


v GS(th) 


Gate Inresnolo Voltage 


O fi 




A fi 

4.U 


V 


V DS =V G s. b=250nA 


9fs 


Forward Transconductance 


1 .6 






S 


V DS =50V, l DS =5.0A© 


toss 


Zero Gate Voltage Collector Current 






250 


uA 


V DS =100V,V GS =0V 






1 000 


V DS =80V, V GS =0V,Tj=150'>C 


1 

!gSS 


Gate-to-Source Forward Leakage 






oUU 


nA 


V GS =20V 


Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Q Q 


Total Gate Charge 


... 


— 


16 


nC 


l D =9.2A, V DS =80V, V GS =10V 
See Fig 6 and 13© 


Qqs 


Gate-to-Source Charge 






4.4 


Qad 


Gate-to-Drain ("Miller") Charge 


... 


... 


7.7 


'd(on) 


Turn-On Delay Time 




6.8 




ns 




V DD =50V, l D =9.2A 
R G =18iJ, R D =5.2n 
See Fig. 10© 


tr 


Rise Time 




27 




{ d(off) 


Turn-Off Delay Time 




18 




tf 


Fiall Time 




17 




Ld 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) * 
from package, J 
and center of die 
contact. 


c 

s 




Ls 


Internal Source Inductance 




7.5 




Ciss 


Input Capacitance 




360 




pF 


V GS =0V, V DS =25V 
/=1.0Mhz 
See Fig. 5 


c oss 


Output Capacitance 




150 




Crss 


Reverse Transfer Capacitance 




34 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Eody Diode) 






8.4 


A 


MOSFET symbol 
showing the 1 
integral reverse 
p-n junction diode. 




D 

) 

s 


Ism 


Pulsed Source Current 
(E ody Diode) ffi 






34 


Vsd 


D ode Forward Voltage 






2.5 


V 


Tj=25°C, l s =8.4A, V GS =0V© 


trr 


Reverse Recovery Time 


65 




260 


ns 


Tj=25°C, l F =9.2A, 
di/dt=100A/uS© 


Qrr 


Ruverse Recovery Charge 


0.33 




1.3 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 



© Repetitive rating; Pulse width limited by ® l S0 <8.4A, di/dt<1 1 0A/u,s, V DD <BV DSS , © Mounting surface: 
max. junction temperature (See figure 11) Tj<1 75°C Suggested R G =1 8n flat, smooth, greased 

© V DD =50V, Sailing Tj=25°C, L=4.4mH, © Pulse width < 300us; duty Cycle <2% © K/W = °C/W 
R G =25ft, Peak l AS =8.4A (See figure 12) 
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IOR 



IRFU120, IRFR120 




- 1 10° 10 1 

V DS , Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 
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T c = 175°C 



V DS , Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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Vqs. Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 

Fig 4. Normalized On- Resistance Vs. 
Temperature 



IRFR120, IRFU120 



TOR 




Vds. Drain-to-Source Voltage (volts) 

Fig 5. T/pical Capacitance Vs. Drain- 
to-Source Voltage 
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FOR TEST CIRCUIT 
SEE FIGURE 13 
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Q g , Total Gate Charge (nC) 
Fig 6. Typical Gate Charge Vs. Gate- 
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Vsd. Source-to-Drain Voltage (volts) 
Fig 7. Typical Source-Drain Diode 
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V DS , Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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1RFU120, IRFR120 
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Fig 9. Maximum Drain Current Vs. 
Case Temperature 
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Fig 10a. Switching Time Test Circuit 
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Fig 10b. Switching Time Waveforms 
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1RFR120, IRFU120 
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Fig 12a. Uridamped Inductive Test Circuit 
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Fig 12b. Undamped Inductive Waveforms 



10V 



600 



„ 500 
1 

D) 400 

a> 
c 

UJ 

» 300 



D) 200 
C 

100 

LU 




Fig 13a. 



















TC 


id 

P 3.4A , 

6. OA 
TTOM 8.4A . 



















BC 


v 


















































\ 






































































































































































VDD 


= 2 


5V 





















25 50 75 100 125 150 175 

Starting Tj, Junction Temperature (°C) 

Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 
Appendix B: Package Outline Mechanical Drawing 
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International 



PD-9.526B 



International 
S Rectifier 



IRFR210 



HEXFET® Power MOSFET 

• Surface Mount (IRFR210) 
•Straight Lead (IRFU210) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 



Description 




6S 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU210 



BVqss 


200V 


RDS(on) 


1.5Q 


Id 


2.6A 




D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c - 25°C 


Continuous Drain Current, V GS @10V 


2.6 


A 


l D @T c - 100°C 


Continuous Drain Current, V GS @10V 


1.7 


Idm 


Pulsed Drain Current CD 


8.0 


P D @ T c = 25°C 


Maximum Power Dissipation 


25 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


64 


mJ 


•ar 


Avalanche Current © 


2.7 


A 


E AR 


Repetitive Avalanche Energy © 


2.5 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.0 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +1 50 


°C 




Soldering Temperature, for 1 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rojc 


Junction-to-Case 






5.0 


K/W© 


Rocs 


Case-to-Sink © 




1.7 




R(UA 


Junction-to-Ambient, Typical Socket Mount 






110 
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IRFR210, IRFU210 







Electrica (Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Tvd 


Max. 


Units 


Test Conditions 


BVq SS 


Drain-to-Source Breakdown Voltage 


200 






V 


\A-c=0V ln=250uA 


ARVnpoMT, 
^ U *DSS'& 'J 


Tamn Onpffiripnt of Rrpakdown Voltanp 




0.30 




v/°c 


Reference to 25°C U-1 mA 

1 ICI CI CI IV^C IU t_ \J \J t 1 1) — 1 II \F\ 


RDS(on) 


010110 Uidlll IU OUUiOt: v_/l ! ritiofbldl 






1 .5 


£1 


V GS =10V, l D =1.6A© 


^GS(th) 


v_ a IC II II Col IUIU V Ullay C 


2.0 




4.0 


V 


V DS =V G s. b=250uA 


9fs 


r JlWdlU 1 1 dl ' bUUI IU UOLdl IUc 


1 2 






o 


\/ dfWI 1 1 CK(A\ 

VDS =;30V . l DS= l -bAlA) 


bss 


7prn f^atp Vnltanp Onllprtnr Hurrpnt 

i-5iu vjcuc vuuayc wui icl.iui wunciii 






250 


p.A 


V DS =200V, V GS =0V 






1000 


V DS =160V, V GS =0V,Tj=125°C 


'gss 


V^OLD LU Ol/UILC 1 UlWalU L.Car\ayc 






500 


nA 


V GS =20V 


Laic IU OUUILC nOVBlac l_Cdf\dyc 






-500 


V GS- <- uv 


Qc 


Tatal Gate Charge 


... 


... 


8.2 


nC 


l D =3.3A, V DS =160V, 
V GS =10V© 




V— alc*lU-OUUH/C Isfldiyc 






1 ft 


Qqd 


Gate-to-Drain ("Miller") Charge 


— 




4.5 


l d(on) 


1 Ulit L/cidy 1 llllc 




8.2 




ns 


V DD =100V, l D =3.3A 
R G =24fi, R D =30£2© 


t 


nioc i line 




1 7 

i / 






i urn-wii L*eidy i line 




1 A 
I Q 




t, 


Fall Time 




Q O 

o.y 




L D 


Irtemal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) > 
from package, A 
and center of die 
contact. 


I 

s 


) 

sl d 

' LS 


Ls 


Irternal Source Inductance 




7.5 




C iss 


Irput Capacitance 




140 




PF 


V GS =0V, V DS =25 
/=1.0Mhz 


C ss 


Output Capacitance 




53 




Crss 


Reverse Transfer Capacitance 




15 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Elody Diode) 






2.7 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 




D 
kl 

s 


!SM 


Pjlsed Source Current 
(Elody Diode) © 






8.0 


V SD 


Diode Forward Voltage 






2.0 


V 


Tj=25<>C, l s =2.7A, V GS =0V© 


trr 


Reverse Recovery Time 


75 




310 


ns 


Tj=25°C, l F =3.3A, 
di/dt=100A/u.S© 


Qrr 


Raverse Recovery Charge 


0.33 




1.4 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction temperature 

© V DD =50V, Starting Tj=25°C, L=16mH, 
R G =25£2, Poak l A s=2 6A 



) l SD ^2.7A, di/dt<70A/u.s, V DD <BV DSS , 
Tj<150°C Suggested R G =24Q 



1 Mounting surface: 
flat, smooth, greased 



© Pulse width < 300us; duty Cycle <2% © K/W = °C/W 



For more information on the same die in a HD-1 package refer to IRFD21 0. 
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PD-9.703 



International 
^Rectifier 



















<j>D 




gV 


Pi 




n-channel 



IRFR214 



HEXFET® Power MOSFET 

• Surface Mount (IRFR214) 
•Straight Lead (IRFU214) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 



Description 



Third Generation HEXFETs from international Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU214 



BV D ss 


250V 


RDS(on) 


2.0ft 


Id 


2.2A 






D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


2.2 


A 


| D @T C = 100°C 


Continuous Drain Current, V G s@10V 


1.4 


Idm 


Pulsed Drain Current © 


8.8 


P D @ T c = 25°C 


Maximum Power Dissipation 


25 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


61 


mJ 


Iar 


Avalanche Current CD 


2.2 


A 


Ear 


Repetitive Avalanche Energy CD 


2.5 


mJ 


dv/dt 


Peak Diode Recovery dv/dt CD 


2.0 


V/ns 


Tj 

T STG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R ejc 


Junction-to-Case 






5.0 


K/W© 


Recs 


Case-to-Sink © 




1.7 




Roja 


Junction-to-Ambient, Typical Socket Mount 
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IRFR214, IRFU214 ||| 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


Drain-to-Source Breakdown Voltage 


250 


... 


... 


V 


V G s=0V, l D =250u.A 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 


— 


0.39 


— 


v/°c 


Reference to 25°C, l D = 


=1mA 




RDS(on) 


Static Drain-to-Source On Resistance 


... 


... 


2.0 


Q 


V GS =10V, l D =1.3A© 


V GS(th) 


Gate Threshold Voltage 


2.0 


... 


4.0 


V 


Vds=V GS . b=250u.A 


9fs 


F : orward Transconductance 


1.2 


... 


— 


s 


V DS =50V, l DS =1.3A© 




loss 


'/.em Gate Voltage Collector Current 


... 


... 


250 


(iA 


V DS =250V, V GS =0V 






... 


... 


1000 




V DS =200V, V GS =0V,Tj 


=125°C 


bss 


Gate-to-Source Forward Leakage 


... 


... 


500 


nA 


V GS =20V 




Gate-to-Source Reverse Leakage 


... 


... 


-500 


V GS =-20V 


Q q 


"otal Gate Charge 






8.2 




l D =2.7A, V DS =200V, 
V GS =10V© 




Gate-to-Source Charge 


-E- 


-5- 


1.8 


nC 


Qqd 


Gate-to-Drain ("Miller") Charge 


— 




4.5 




•d(on) 


Turn-On Delay Time 




7.0 






V DD =125V, l D =2.7A 
R G =24n, R D =45fl© 




tr 


Rise Time 


— 


7.6 


... 


ns 






Id(off) 


Turn-Off Delay Time 


... 


16 


... 






tf 


Fall Time 


— 


7.0 


— 










L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


D 


Ls 


Internal Source Inductance 




7.5 








C iss 


Input Capacitance 




140 






V GS =0V, V DS =25V 






C 0S s 


Output Capacitance 




42 




pF 


/=1.0Mhz 






CfSS 


Reverse Transfer Capacitance 




9.6 












Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






2.2 


A 


MOSFET symbol 
showing the / 




D 

') 


Ism 


Pulsed Source Current 
(Body Diode) ffl 






8.8 


integral reverse °\ 
p-n junction diode. 


til 


S 


V S D 


Diode Forward Voltage 






2.0 


V 


T,=25°C, l s =2.2A, V G! 


; =ovc 




t,r 


Reverse Recovery Time 


97 




390 


ns 


Tj=25°C, l F =2.7A, 






Qrr 


Reverse Recovery Charge 


0.32 




1.3 


uC 


di/dt=100A/u.S© 






ton 


Forward Turn-On Time 


Intrinsic turn-on time is 




(turn-on is dominated by I 


■s + Ld) 



© Repetitive rating; Pulse width limited by © | SD <2.2A, di/dt<65A/u.s, V DD <BV DSS , © Mounting surface: 
max. junctiDn temperature (See figure 11) Tj<150°C Suggested R G =24Q flat, smooth, greased 

© V DD =50V, Starting Tj=25°C, L=21 mH, © Pulse width < 300u.s; duty Cycle <2% © K/W = "C/W 
R G =25n, F'eak l AS =2.2A 
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IRFR214, IRFU214 



V GS = OV, f = 1MHz 

Ciss = c gs + C gd . C ds SHORTED 




10° 10 1 

V DS , Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 




2 4 6 8 10 

Qg, Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 



Q. 

E 
< 



3 100 



O 

c 

'ro 

Q 

0> 
03 
t 

CD 
> 

6 



io-il 

0.6 























































150°C 






























































/ 2 








































































































































v G s 


= OV 



O.B 



1.2 



1.4 




V S d, Source-to-Drain Voltage (volts) 

Fig 7. Typical Source-Drain Diode 
Forward Voltage 



V DS , Drain-to-Source Voltage (volts) 
8. Maximum Safe Operating Area 



92 



IRFU214, IRFR214 




Fig 9. Maximum Drain Current Vs. F'9 10b. Switching Time Waveforms 

Case Temperature 
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IRFR214, IRFU214 



m 



Vary tp to obtain 
required peak l L 




+ v DD 



Fig 12a. Unclamped Inductive Test Circuit 

bv dss 



-1 
/ 

/ 



Vds' 
II • 



/ 



z 



Vdd 



Fig 12b. Undamped Inductive Waveforms 



10V — 




Charge 



Fig 13a. Basic Gate Charge Waveform 




25 50 75 100 125 150 

Starting Tj, Junction Temperature (°C) 

Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 



^UTOnt_Regulato_r 



Same Type 
as D.U.T. 



i r 

i 



.2,iFS 




.3(iF 



fWlIR 




D.U.T. 



t v, 



DS 



b 'd 

Current Sampling Resistors 



Fig 13b. Gate Charge Test Circuit 



Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 
Appendix El: Package Outline Mechanical Drawing 

Appendix C: Tape & Reel Information IntGmdtiOricll 
Appendix D: Part Marking Information 



S Rectifier 



PD-9.525C 



International 
S Rectifier 



— 



IRFR220 



HEXFET® Power MOSFET 

• Surface Mount (IRFR220) 

• Straight Lead (IRFU220) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 



Description 




6S 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU220 



BVqss 


200V 


R DS(on) 


0.80Q 


Id 


4.8A 




D-Pak 

TO-252AA |-Pak 
TO-251 AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


4.8 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


3.0 




Pulsed Drain Current © 


18 


P D @ T c = 25°C 


Maximum Power Dissipation 


42 


W 




Linear Derating Factor 


0.33 


W/K© 




Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy ® 


130 


mJ 


Iar 


Avalanche Current © 


4.8 


A 


Ear 


Repetitive Avalanche Energy ffi 


4.2 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.0 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R 6JC 


Junction-to-Case 






3.0 


KA/V© 


Rocs 


Case-to-Sink © 




1.7 




RflJA 


Junction-to-Ambient, Typical Socket Mount 
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IRFR220, IRFU220 







I«R 



Electrica 



(Characteristics @ Tj = 25°C (unless otherwise specified) 





Psramstsr 


Min. 




Max. 


Units 


Test Conditions 


R\/ 


nrain-tn-Sourpe Rrfiakrinvun Vnltanfi 

L-' 1 ul 1 1 LU sJIJ Ul ^>v 1— ' 1 vQr\Uw VV II V VJ 1 LGLU " 


200 






V 


V GS =0V, l D =250u.A 


ARVr^oo/AT. 

^ DV DSS'A 'J 


Ti^mn OneffiHipnt nf Rrpakrlnwn Vnltanp 
i vi i iu> v>v-/ w 1 1 iuci ii ui ui carvuuvv 1 1 vui iayc 




0.29 




v/°c 


Reference to 25°C, l D =1 mA 


n DS(on) 


iJLOllw L/ICtlM LU OUUILiC 1 rltSsloLCil lot? 






0.80 


Q 


V GS =10V, l D =2.9A© 


VGS(th) 


Gate Threshold Vnltane 


2.0 




4.0 


v 


Vds=V GS . I D =250uA 


at 
afs 


Ftirwarrl Tran^ponfliiPtanofi 

i '^ivvciiu i i ai low i luuviLai i 


1.7 






s 


V DS =50V, l DS =2.9A© 


loss 


7i3ro Gate Voltane Oollertor Ourrent 






250 




V DS =200V, V GS =0V 








1 ooo 




V DS =160V, V GS =0V,Tj 


=125°C 


'GSS 


Gatft-tn-Snurrft Fnrwarri 1 eakanp 






500 


nA 


V GS =20V 




VJdltS "IU OUUILO nOVBIOC LCcmciyti 








V GS =-20V 


Qc 


Total Gate Charge 




— 


14 




l D =5.2A, V DS =160V, 
V GS =10V© 


Ugs 


oaie-io-oource onarge 






o.u 


nC 




Gate-to-Drain ("Miller") Charge 


— 




7.9 






X irn-On DaIav/ Timo 
I Jin I UQiay I line 




7.2 






V DD =100V, l D =5.2A 
R G =18n, R D =19£2© 






t 

l r 


Rico Tir'no 
Oleic 1 IllltJ 




00 




ns 






td(off) 


T irn-Off Delay/ Tim« 




1 Q 
I if 








t, 


Call Tirvia 

ran lime 




l O 












L D 


Irternal Drain Inductance 




4.5 






Between lead, 




3 










nH 


6mm (0.25in.) / 
from package, J 
and center of die 
contact. 






Ls 


Irternal Source Inductance 




7.5 




s 


Qss 


Irput Capacitance 




260 






V GS =0V, V DS =25V 






C ss 


Output Capacitance 




100 




pF 


/=1.0Mhz 






Crss 


Reverse Transfer Capacitance 




30 












Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Eiody Diode) 






4.8 


A 


MOSFET symbol 
showing the / 




D 
'] 


Ism 


Pulsed Source Current 
(Elody Diode) © 






18 


integral reverse <5\ 
p-n junction diode. 




S 


V SD 


Diode Forward Voltage 






1.8 


V 


Tj=25°C, l s =4.8A, V GS =0V© 


trr 


Reverse Recovery Time 


75 




300 


ns 


Tj=25°C, l F =5.2A, 






Qrr 


Reverse Recovery Charge 


0.46 




1.8 


uC 


di/dt=100A/u.S© 






ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



© Repetitive rating; Pulse width limited by 
max. junction temperature 

© V DD =50V, Starting Tj=25°C, L=8.5mH, 
R G =25n, Pnak l AS =4.8A 



s> I S d^4.8A, di/dt<95A/ns, V DD <BV DSS , 
Tj<1 50°C Suggested R G =1 8n 



1 Mounting surface: 
flat, smooth, greased 



) Pulse width < 300ns; duty Cycle <2% © K/W = "C/W 
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PD-9.600 



International 
S Rectifier 



IRFR224 



HEXFET® Power MOSFET 

• Surface Mount (IRFR224) 

• Straight Lead (IRFU224) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 



Description 



IRFU224 




n-channel 



BVqss 


250V 


R DS(on) 


1.1Q 


Id 


3.8A 



Third Generation HEXFETsfrom International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications, 
are possible in SMD applications. 



Absolute Maximum Ratings 





D-Pak 

TO-252AA 



l-Pak 

TO-251AA 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


3.8 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


2.4 




Pulsed Drain Current © 


14 


P D @ T c = 25°C 


Maximum Power Dissipation 


42 


W 




Linear Derating Factor 


0.33 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy ® 


130 


mJ 


Ur 


Avalanche Current © 


3.8 


A 


Ear 


Repetitive Avalanche Energy © 


4.2 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


4.8 


V/ns 


Tj 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 1 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rojc 


Junction-to-Case 






3.0 


KA/V© 


Recs 


Case-to-Sink © 




1.7 




RejA 


Junction-to-Ambient, Typical Socket Mount 
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IRFR224, IRFU224 



Electrica Characteristics @ Tj = 25°C (unless otherwise sf 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVrjss 


Di ain-to-Source Breakdown Voltage 


250 







V 


V G s=0V, I d =250uA 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 





0.36 





V/°C 


Reference to 25°C, l D =1 mA 




Static Drain-to-Source On Resistance 





... 


1.1 


n 


V GS =10V, l D =2.3A© 




G:ite Threshold Voltage 


2.0 


... 


4.0 


V 


Vds=Vgs. b=250uA 


ors 


Forward Transconductance 


1.7 


... 


... 


s 


V DS =5.0V, l DS =2.3A© 


DSS 


Ztiro Gate Voltage Collector Current 




... 


250 


uA 


V DS =250V, V GS =0V 




... 


... 


1000 




V DS =200V, V GS =0V,Tj 


=125°C 


'gss 


G ate-to-Source Forward Leakage 


... 





500 


nA 


V GS =20V 




G ate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Qo 


Total Gate Charge 


... 


... 


14 




l D =4.4A, V DS =200V, 
V GS =10V© 




G ate-to-Source Charge 






2.7 


nC 


Q fl d 


G ate-to-Drain ("Miller") Charge 


... 




7.8 




^d(on) 


Turn-On Delay Time 




7.0 






V DD =125V, l D =4.4A 
R G =18n, R D =28fl© 






t r 


Rise Time 




13 




ns 






a f , o 1 1 j 






20 








t f 


Fall Time 




12 












L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 




i 


Ls 


Internal Source Inductance 




7.5 




s 




Input Capacitance 




260 






V GS =0V, V DS =25V 








Ojtput Capacitance 




77 




pF 


/=1.0Mhz 






Crss 


Reverse Transfer Capacitance 




15 












Source-Drain Diode Ratings and Characteristics 












Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Eody Diode) 






3.8 


A 


MOSFET symbol 
showing the ( 


£3 


D 




Pulsed Source Current 
(Eody Diode) © 






14 


integral reverse °\. 
p-n junction diode. 


l) 
S 


V SD 


Diode Forward Voltage 






1.8 


V 


Tj=25°C, l s =3.8A, V GS =0V© 


trr 


Reverse Recovery Time 


100 




400 


ns 


Tj=25°C, l F =4.4A, 






Qrr 


Reverse Recovery Charge 


0.47 




1.9 


uC 


di/dt=100A/u.S© 






'on 


Forward Turn-On Time 


Intrinsic turn-on time is 


negligible 


(turn-on is dominated by L s + L D ) 



© Repetitive rating; Pulse width limited by 
max. junction temperature 

© V DD =50V, Starting Typ*M*ft L=14mH, 
R G =25i2, Peiak l AS =3.8A 



D I S d^3.8A, di/dt<90A/|xs, V DD <BV DSS , 
Tj<150°C Suggested R G =18£2 

) Pulse width < 300u.s; duty Cycle <2% 



I surface: 
flat, smooth, greased 

K/W = °C/W 



98 



PD-9.597 



International 
S Rectifier 



— 



IRFR310 



HEXFET® Power MOSFET 

• Surface Mount (IRFR310) 
•Straight Lead (IRFU310) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 




6S 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications, 
are possible in SMD applications. 



IRFU310 



BVqss 


400V 


R DS(on) 


3.6Q 


Id 


1.7A 




D-Pak 

TO-252AA 



l-Pak 

TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


1.7 


A 


l D @ T c - 100°C 


Continuous Drain Current, V GS @10V 


1.1 


•dm 


Pulsed Drain Current © 


5.0 


P D @ T c = 25°C 


Maximum Power Dissipation 


25 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


86 


mJ 


Ur 


Avalanche Current © 


1.7 


A 


Ear 


Repetitive Avalanche Energy © 


2.5 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


4.0 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


"C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rojc 


Junction-to-Case 






5.0 


K/W© 


Recs 


Case-to-Sink © 




1.7 




Roja 


Junction-to-Ambient, Typical Socket Mount 






110 
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IRFR310, IRFU310 







Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Mm. 


Typ. 


Max. 


units 


Test Conditions 


BV DSS 


Drain-to-Source Breakdown Voltage 


4UU 






V 




ABV DSS /ATj 


Ttimp. Coefficient of Breakdown Voltage 




ft A7 




V/ O 


neterence to o, iQ=imM 


R DS(on) 


Static Drain-to-Source On Resistance 






o.b 


Q 


V GS =10V, l D =1.0A© 


v GS(th) 


o;ite 1 nresnoia voltage 


o n 




a r\ 

4.U 


V 


Vds=V GS . Id=250u.A 




Forward Transconductance 


u.y / 






o 


V DS =50V, Ids=i-0A© 


toss 


Zoro date voltage collector ourrent 






ocn 
£OU 


uA 


V DS =400V, V GS =0V 






1 UOO 


V DS =320V, V GS =0V,Tj=125°C 


1 

ksss 


Gate-to-Source Forward Leakage 






500 


nA 


V GS =20V 


Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Q s 


Total Gate Charge 


... 


... 


12 


nC 


l D =2.0A, V DS =320V, 
V GS =10V© 




Gate-to-Source Charge 






1.9 




Gate-to-Drain ("Miller") Charge 


... 


... 


6.5 


td(on) 


Turn-On Delay Time 




7.9 




ns 


V DD =200V, l D =2.0A 
R G =24n, R D =95£2© 


tr 


R se Time 




9.9 


... 


'd(off) 


Turn-Off Delay Time 




21 




+ 
if 


Full Time 




11 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


D 

S 


ld 
ls 


Ls 


Internal Source Inductance 




7.5 






Input Capacitance 




170 




pF 


V GS =0V, V DS =25V 
/=1.0Mhz 


C ss 


Output Capacitance 




34 






Reverse Transfer Capacitance 




6.3 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 




Is 


Continuous Source Current 
(Eiody Diode) 






1.7 


A 


MOSFET symbol 
showing the / 
integral reverse "Ji, 
p-n junction diode. 




C 

s 




Ism 


Pulsed Source Current 
(Eiody Diode) © 






4.3 


V SD 


Diode Forward Voltage 






1.6 


V 


Tj=25°C, l s =1 .7A, V GS =0V© 


trr 


Reverse Recovery Time 


120 




540 


ns 


Tj=25°C, l F =2.0A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.32 




1.6 


uC 


ton 


Farward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lo) 



Notes: 



© Repetitive rating; Pulse width limited by 
max. junction temperature 

© V DD =50V, Starting Tj=25°C, 
R G =25ii, P aak l A s=1-7A 



) l SD <1 .7A, di/dt<40A/u.s, V DD <BV DSS , 
Tj<1 50°C Suggested R G =24Q 

i Pulse width < 300u.s; duty Cycle <2% 



> Mounting surface: 
flat, smooth, greased 

> K/W = °C/W 
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PD-9.598 



International 
[rag Rectifier 



— — — — — 



HEXFET® Power MOSFET 

• Surface Mount (IRFR320) 

• Straight Lead (IRFU320) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 




n-channel 



IRFR320 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications, 
are possible in SMD applications. 




IRFU320 



BV D ss 


400V 


R DS(on) 


1.8Q 


Id 


3.1A 




D-Pak 

TO-252AA |.p a k 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


3.1 


A 


| D @T C = 100°C 


Continuous Drain Current, V GS @10V 


2.0 


!dm 


Pulsed Drain Current © 


11 


P D @ T c = 25°C 


Maximum Power Dissipation 


42 


W 




Linear Derating Factor 


0.33 


W/K© 


v GS 


Gate-to-Source Breakdown Voltage 


±20 


V 




Single Pulse Avalanche Energy ® 


160 


mJ 


Ur 


Avalanche Current © 


3.1 


A 


Ear 


Repetitive Avalanche Energy © 


4.2 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


4.0 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rojc 


Junction-to-Case 






3.0 


KAA/© 


Recs 


Case-to-Sink © 





1.7 




RfUA 


Junction-to-Ambient, Typical Socket Mount 
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IRFR320, IRFU320 



Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVdss 


Drain-to-Source Breakdown Voltage 


400 


— 


— 


V 


V GS =0V, l D =250u.A 


ABV dss /ATj 


Te mp. Coefficient of Breakdown Voltage 


— 


0.51 


— 


V/°C 


Reference to 25°C, l D =1 mA 


R DS(on) 


Static Drain-to-Source On Resistance 


— 


— 


1.8 


n 


V GS =10V, l D =1.9A© 


V GS(th) 


Gate Threshold Voltage 


2.0 


— 


4.0 


V 


Vds=Vgs. Id=250hA 


9fs 


Fc rward Transconductance 


1.5 


... 


... 


s 


V DS =50V, l DS =1.9A© 


bss 


Zero Gate Voltage Collector Current 


— 


— 


250 


u.A 


V DS =400V, V GS =0V 






— 


— 


1000 




V DS =320V, V GS =0V,Tj=125°C 


•gss 


Gate-to-Source Forward Leakage 


— 


— 


500 


nA 


V GS =20V 




Gate-to-Source Reverse Leakage 






-500 


V GS =-20V 


Q« 


Tctal Gate Charge 


— 


— 


20 




l D =3.3A, V DS =320V, 
V GS =10V© 




Gate-to-Source Charge 






3.3 


nC 




Gate-to-Drain ("Miller") Charge 


— 


— 


11 




l d(on) 


Turn-On Delay Time 


... 


10 


... 




V DD =200V, l D =3.3A 
R G =18n, R D «56£2© 






tr 


Ri:»e Time 


... 


14 


... 


ns 






1 dfoffi 


Turn-Off Delay Time 


... 


30 


— 






tf 


Fall Time 




13 












L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 




LD 


Ls 


Internal Source Inductance 




7.5 




s 


Ls 


Ciss 


Input Capacitance 




350 






V GS =0V, V DS =25V 






C ss 


Oitput Capacitance 




64 




pF 


/=1.0Mhz 






Crss 


Reverse Transfer Capacitance 




8.1 












Source-Drain Diode Ratings and Characteristics 












Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






3.1 


A 


MOSFET symbol 
showing the I 
integral reverse <2\ 
p-n junction diode. 




D 


Ism 


Pulsed Source Current 
(Body Diode) ® 






11 




i 


V S D 


Dicide Forward Voltage 






1.6 


V 


Tj=25°C, l s =3.1A, V GS =0V© 


trr 


Reverse Recovery Time 


120 




600 


ns 


Tj=25°C, l F =3.3A, 






Qrr 


Reverse Recovery Charge 


0.64 




3.0 


uC 


di/dt=100A/u.S© 






'on 


Foi-ward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive raing; Pulse width limited by 
max. junction temperature 

© V DD =50V, StEtrting T J =25 <> C, L=20mH, 
R G =25n, Peakl AS =3.1A 



® l SD S3.1A, di/dt<65A/u.s, V DD <BV DSS , 
Tj<150°C Suggested R G =18n 



1 Mounting surface: 
flat, smooth, greased 



© Pulse width < 300u.s; duty Cycle <2% © K/W = °C/W 



For more information on the same die in a TO-220 package refer to IRF720. 
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PD-9.599 



International 






[ksr] Rectifier 





IRFR420 



— 

HEXFET® Power MOSFET IRFU420 



• Surface Mount (IRFR420) 

• Straight Lead (IRFU420) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 



Description 

Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



imum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


2.4 


A 


l D @T c = 100°C 


Continuous Drain Current, Vgs@10V 


1.5 


!dm 


Pulsed Drain Current ffl 


8.0 


P D @ T c = 25°C 


Maximum Power Dissipation 


42 


W 




Linear Derating Factor 


0.33 


W/K© 


Vqs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


170 


mJ 


Uh 


Avalanche Current © 


2.4 


A 


Ear 


Repetitive Avalanche Energy © 


4.2 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


3.5 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Resistance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R ejc 


Junction-to-Case 






3.0 


K/W© 


r gcs 


Case-to-Sink © 




1.7 




Roja 


Junction-to-Ambient, Typical Socket Mount 
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n-channel 



BV DSS 500V 

R DS(on) 3 -0^ 
l D 2.4A 




IRFR420, IRFU420 



Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


Drsiin-to-Source Breakdown Voltage 


500 


... 




V 


V GS =0V, l D =250u.A 


ABV dss /ATj 


Temp. Coefficient of Breakdown Voltage 





0.59 


... 


V/°C 


Reference to 25°C, l D =1mA 


R DS(on) 


Static Drain-to-Source On Resistance 






3.0 


a 


V GS =10V, l D =1.4A© 


V GS(th) 


Ga e Threshold Voltage 


2.0 


... 


4.0 


V 


Vds=Vgs. b=250uA 


9fs 


Forward Transconductance 


1.0 


... 


... 


s 


V DS =50V, l DS =1.4A© 


tass 


Zero Gate Voltage Collector Current 








250 


HA 


V DS =500V, V GS =0V 








1000 


V DS =400V, V GS =0V,Tj=125 o C 


!gss 


Ga :e-to-Source Forward Leakage 







500 


nA 


V GS =20V 


Ga:e-to-Source Reverse Leakage 






-500 


V GS =-20V 


Qc 


Total Gate Charge 


... 


... 


19 


nC 


l D =2.1A, V DS =400V, 
V GS =10V© 


Qgs 


Ga' e-to-Source Charge 






3.3 


Q a a 


Gae-to-Drain ("Miller") Charge 


... 


... 


13 


'd(on) 


Turn-On Delay Time 


... 


8.0 


— 


ns 


V DD =250V, l D =2.1A 
R G =18Q, R D =120n© 


tf 


Rise Time 


— 


8.6 


— 


•dfoff) 


Turn-Off Delay Time 


— 


33 


— 


tf 


Fal Time 




16 




Lo 


Internal Drain Inductance 




4.5 




nH 


Between lead, 

6mm (0.25in.) /jUjK LD 
from package, JA j*i 
and center of die \J_¥ Ls 
contact. s 


Ls 


Internal Source Inductance 




7.5 




Ciss 


Inp Jt Capacitance 




360 




PF 


V GS =0V, V DS =25V 
/=1.0Mhz 


Coss 


Out put Capacitance 




92 




C r ss 


Reverse Transfer Capacitance 




37 





Source-Drain Diode Ratings and Characteristics 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


's 


Continuous Source Current 
(Body Diode) 






2.4 


A 


MOSFET symbol 
showing the / L -j 
integral reverse \ \ 
p-n junction diode. * 


D 

s 


Ism 


Pulsed Source Current 
(Body Diode) © 






8.0 


V SD 


Diode Forward Voltage 






1.6 


V 


Tj=25°C, l s =2.4A, V GS =0V© 




Reverse Recovery Time 


130 




520 


ns 


Tj=25°C, l F =2.1A, 
di/dt=100A/M.S© 


Qrr 


Reverse Recovery Charge 


0.35 




1.4 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive rat ng; Pulse width limited by 
max. junction emperature 



) l SD <2.4A, di/dt<50A/u.s, V DD <BV DSS , 
Tj<150°C Suggested R G =18n 



» Mounting surface: 
flat, smooth, greased 



© V DD =50V, Starting T,=25°C, L=34mH, © Pulse width < 300ns; duty Cycle <2% © K/W = °C/W 
R G =25Q, Peak l A s=2.4A 



For more information on the same die in a TO-220 package refer to IRF820. 
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PD-9.654 



International 
S»] Rectifier 



IRFR9014 



HEXFET® Power MOSFET 

• Surface Mount (IRFR9014) 
•Straight Lead (IRFU9014) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• P-Channel 

Description 




p-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU9014 



BVqss 


-60V 


RDS(on) 


0.50Q 


Id 


-5.6A 




D-Pak 

TO-252AA 



l-Pak 

TO-251AA 



Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V G s@-10V 


-5.6 


A 


l D @T c = 100°C 


Continuous Drain Current, Vqs@-10V 


-3.9 


'dm 


Pulsed Drain Current © 


-22 


P D @ T c = 25°C 


Maximum Power Dissipation 


30 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


140 


mJ 


'ar 


Avalanche Current ® 


-5.6 


A 


e ar 


Repetitive Avalanche Energy © 


3.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-4.5 


V/ns 


Tj 

T ST<3 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Resistance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R&jc 


Junction-to-Case 






5.0 


KAW© 


Pecs 


Case-to-Sink © 




1.7 




Rsja 


Junction-to-Ambient, Typical Socket Mount 
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IRFR9014, IRFU9014 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


Drain-to-Source Breakdown Voltage 


-60 


... 


... 


V 


V G s=0V, l o =-250u.A 


ABV DSS /ATj 


Te np. Coefficient of Breakdown Voltage 




0.061 


... 


v/°c 


Reference to 25°C, l D =-1mA 


RDS(on) 


StEitic Drain-to-Source On Resistance 




... 


0.50 


Q 


V GS =-10V, l D =-3.4A© 


V GS(th) 


Gate Threshold Voltage 


-2.0 


... 


-4.0 


V 


V D s=V G s. b=-250uA 


9fs 


Fo -ward Transconductance 


1.4 





— 


S 


V ns =-25V, l DS =-3.4A© 


tass 


Zero Gate Voltage Collector Current 


— 





-250 


U.A 


V DS =-60V, V GS =0V 


— 





-1000 


V DS =-48V, V GS =0V,Tj=150°C 


'gss 


Gate-to-Source Forward Leakage 


— 





-500 


nA 


V GS =-20V 


Gate-to-Source Reverse Leakage 






500 


V GS =20V 


Qa 


Toial Gate Charge 


... 


... 


10 


nC 


l D =-5.6A, V DS =-48V, V GS =-10V 
See Fig 6 and 13© 


Qfls 


Gate-to-Source Charge 






2.6 


Qqd 


Gate-to-Drain ("Miller") Charge 


— 


... 


5.7 


l d(on) 


Turn-On Delay Time 


... 


11 


— 


ns 


V DD =-30V, l D =-5.6A 
R G =24Q, R D =4.9£1 
See Fig. 10© 


tr 


Rise Time 


— 


40 


— 


'd(otf) 


Turn-Off Delay Time 


— 


13 


— 


tf 


Fal Time 




17 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) > 
from package, J 
and center of die 
contact. 


c 

s 


LS 


Ls 


Internal Source Inductance 




7.5 




Ciss 


Inp Jt Capacitance 




280 




pF 


V GS =0V, V DS =-25V 

/=1.0Mhz 

See Fig. 5 




Oulput Capacitance 




170 




Crss 


Reverse Transfer Capacitance 


... 
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Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






-5.6 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 




3 
3 


Ism 


Pubed Source Current 
(Body Diode) © 






-22 


Vsd 


Diode Forward Voltage 






-5.5 


V 


Tj=25°C, l s =-5.6A, V GS =0V© 


trr 


Reverse Recovery Time 


35 




140 


ns 


Tj=25°C, l F =-5.6A, 
di/dt=-100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.049 




0.20 


uC 


fon 


Fonvard Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction tsmperature (See figure 1 1 ) 

© V DD =-25V, Starting Tj=25°C, L=5.3mH, 
R G =25fl, Peak l AS =-5.6A (See figure 12) 



® 



l SD <-5.6A, di/dt<-90A/u.s, V DD <BV DSS , 



Tj<175°C Suggested R G =24il 
© Pulse width < 300u.s; duty Cycle <2% 



> Mounting surface 
flat, 



' K/W = °C/W 
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I«R 



IRFU9014, IRFR9014 




-V DS , Drain-to-Source Voltage (volts) 

Fig 1 . Typical Output Characteristics, 
T c = 25°C 




-Vqs, Drain-to-Source Voltage (volts) 

Fig 2. Typical Output Characteristics, 
T c = 150°C 
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-Vqs. Gate-to-Source Voltage (volts) 
Fig 3. Typical Transfer Characteristics 
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Tj, Junction Temperature (°C) 
Fig 4. Normalized On- Resistance Vs. 
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IRFR9014, IRFU9014 



600 




20 



10° 10 1 

-Vqs. Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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FOR TEST CIRCUIT 
SEE FIGURE 13 



Qg, Total Gate Charge (nC) 

Fig 6. Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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Fig 7. Typical Source-Drain Diode 
Forward Voltage 
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T C =25°C 
Tj=175°C 
SINGLE PULSE 
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-Vqs. Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 
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IRFU9014, IRFR9014 



6.0 




50 75 100 125 150 

Tc, Case Temperature (°C) 

Fig 9. Maximum Drain Current Vs. 
Case Temperature 



175 




±v DD 



Fig 10a. Switching Time Test Circuit 



td(off) 'f 




Fig 10b. Switching Time Waveforms 
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NOTES: 

1. DUTY FACTOR. D=tj/t 2 

2. PEAK Tj -P DM X Z thJC * T C 



10- 



io- 



10 



-2 



. 1 



t-i , Rectangular Pulse Duration (seconds) 



10 



Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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IRFR9014, IRFU9014 



I«R 



Vary t p to obtain 
required peak l|_ 




Fig 12a. Unc lamped Inductive Test Circuit 
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Fig 12b. Undamped Inductive Waveforms 



25 50 75 100 125 150 175 

Starting Tj, Junction Temperature (°C) 

Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 



_ Current Regulator 
Same Type 
as D.U.T. 



-10V 



Fig 13a 
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Current Sampling Resistors 

Fig 13b. Gate Charge Test Circuit 



Appendix A: =igure 14, Peak Diode Recovery dv/dt Test Circuit 
Appendix B: Package Outline Mechanical Drawing 

Appendix C: Tape & Reel Information InteffldtiOlldl 
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US Rectifier 



PD-9.655 



International 
S Rectifier 



IRFR9024 



HEXFET® Power MOSFET 

• Surface Mount (IRFR9024) 

• Straight Lead (IRFU9024) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• P-Channel 

Description 




p-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 




IRFU9024 



BVqss 


-60V 


R DS(on) 


0.28ft 


Id 


-9.6A 




D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-9.6 


A 


l D @T c =100°C 


Continuous Drain Current, V GS @-10V 


-6.8 


•dm 


Pulsed Drain Current © 


-38 


P D @ T c = 25°C 


Maximum Power Dissipation 


50 


W 




Linear Derating Factor 


0.33 


W/K© 


v GS 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


300 


mJ 


Iar 


Avalanche Current © 


-9.6 


A 


Ear 


Repetitive Avalanche Energy © 


5.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-4.5 


V/ns 


Tj 

T STG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Resistance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R 9JC 


Junction-to-Case 






3.0 


KAfV© 


R ecs 


Case-to-Sink © 




1.7 




RejA 


Junction-to-Ambient, Typical Socket Mount 
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IRFR9024, IRFU9024 



I«R 



Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


Driin-to-Source Breakdown Voltage 


-60 






V 


V GS =0V, l D =-250u.A 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 




0.056 




v/°c 


Reference to 25°C, Iq=-1 mA 


R DS(on) 


Static Drain-to-Source On Resistance 






0.28 




V GS =-10V, l D =-5.8A© 


V GS(th) 


Gate Threshold Voltage 


-2.0 




-4. (J 


V 


V D s=V G s. Id=-250u.A 


9fs 


Fo-ward Transconductance 


3.9 






s 


V ds =-25V, l DS =-5.8A© 


bss 


Ze o Gate Voltage collector Current 






-250 


uA 


V DS =-60V, V GS =0V 






-1 UUU 


V DS =-48V, V GS =0V,Tj=150°C 


■gss 




Gate-to-Source Forward Leakage 






-500 


nA 


V gs =-20V 


Gate-to-Source Reverse Leakage 






500 


V gs =20V 


Q a 


To :al Gate Charge 


... 


... 


19 


nC 


b-11A, V DS =-48V, V GS =-10V 
See Fig 6 and 13© 


Q as 


Gate-to-Source Charge 






5.4 


Qgd 


Gate-to-Drain ("Miller") Charge 


— 


... 


11 


td(on) 


Tu n-On Delay Time 


... 


13 


... 


ns 


V DD =-30V, l D — 11A 
R G =18ii, R D =2.5il 
See Fig. 10© 


tr 


Rise Time 


— 


68 





l d(off) 


Tu n-Off Delay Time 




15 




tf 


Fail Time 




29 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) , 
from package, <J 
and center of die 
contact. 


□ 
s 


Ls 


Internal Source Inductance 




7.5 




C:ss 


Input Capacitance 




570 




PF 


V GS =0V, V DS =-25V 

/=1.0Mhz 

See Fig. 5 


C ss 


Ou;put Capacitance 




360 




Crss 


Reverse Transfer Capacitance 
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Source-Dra n Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Bcdy Diode) 






-9.6 


A 


MOSFET symbol 
showing the 1 
integral reverse G \ 
p-n junction diode. 




D 
M 
S 


'SM 


Pulsed Source Current 
(Bcdy Diode) ffi 






-38 


V SD 


Diode Forward Voltage 






-6.3 


V 


Tj=25°C, l s =-9.6A, V GS =0V© 


trr 


Reverse Recovery Time 


50 




200 


ns 


Tj=25°C, l F =-11A, 
di/dt=-100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.16 




0.64 


uC 




Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 



© Repetitive rat ng; Pulse width limited by 
max. junction emperature (See figure 11) 

© V DD =-25V, Starting Tj=25 C, L=4.0mH, 
R G =250, Peak l AS =-9.6A (See figure 12) 



) l SD S-9.6A, di/dt<-140A/u.s, V DD <BV DSS , 
Tj<175°C Suggested R G =18fl 



le <2% 



© Mounting surface: 
flat, smooth, greased 

© K/W = °C/W 
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IOR 



IRFU9024, IRFR 9024 
— — — ^ — — — 
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IRFR9024, 1RFU9024 



I«R 



1250 




20 



-Vds. Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to- Source Voltage 
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FOR TEST CIRCUIT 
SEE FIGURE 13 
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25 



Q g , Total Gate Charge (nC) 

Fig 6, Typical Gate Charge Vs. Gate- 
to-Source Voltage 
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Fig 8. Maximum Safe Operating Area 
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IRFU9024, IRFR9024 



03 
Q. 

E 

-55- 

I 
o 

c 

CO 
V— 

Q 




25 50 75 100 125 150 175 

T c , Case Temperature (°C) 

Fig 9. Maximum Drain Current Vs. 
Case Temperature 




Fig 10a. Switching Time Test Circuit 
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Fig 10b. Switching Time Waveforms 
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Fig 11 



If, Rectangular Pulse Duration (seconds) 
. Maximum Effective Transient Thermal Impedance, Junction-to-Case 
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IRFR9024, 1RFU9024 



Vary t p to obtain 




1000 



Inductive Test Circuit 



v DS 
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— BV DS s 

Fig 12b. Undamped Inductive Waveforms 
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Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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Fig 13b. Gate Charge Test Circuit 



Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 

Appendix B: Package Outline Mechanical Drawing 

Appendix C: Tape & Reel Information 

Appendix D: Part Marking Information 
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International 
S Rectifier 



PD-9.519D 



International 
^Rectifier 



IRFR9110 



HEXFET® Power MOSFET 

•Surface Mount (IRFR91 10) 
•Straight Lead (IRFU9110) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• P-Channel 

Description 




p-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFU9110 



BV D ss 


-100V 


RDS(on) 


1.2ft 


Id 


-3.4A 




D-Pak 

TO-252AA |.p ak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-3.4 


A 


| D @T C = 100°C 


Continuous Drain Current, V GS @-10V 


-2.4 




Pulsed Drain Current © 


-14 


P D @ T c = 25°C 


Maximum Power Dissipation 


30 


W 




Linear Derating Factor 


0.20 


W/K© 


Vqs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy ® 


140 


mJ 


•ar 


Avalanche Current © 


-3.4 


A 


Ear 


Repetitive Avalanche Energy © 


3.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-5.5 


V/ns 


Tj 

T STG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R&jc 


Junction-to-Case 






5.0 


KA/V© 


Rgcs 


Case-to-Sink © 




1.7 




RflJA 


Junction-to-Ambient, Typical Socket Mount 
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IRFR9110, IRFU9110 



I«R 



Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Mm. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


Dr ain-to-Source Breakdown Voltage 


-100 






V 


V GS =0V, l D =-250u.A 


ABV dss /aTj 


Temp. Coefficient of Breakdown Voltage 




0.091 




V/°C 


Reference to 25°C, l D =-1mA 


RDS(on) 


Static Drain-to-Source On Resistance 


... 


... 


1.2 


Q 


V GS =-10V, l D =-2.0A© 


V GS(th) 


Gste Threshold Voltage 


-2.0 




-4.0 


V 


V D s=V e s. l D =-250nA 


9fs 


Forward Transconductance 


1.3 


... 


... 


S 


V DS =-50V, l DS =-2.0A© 


'dss 


Ze r o Gate Voltage Collector Current 






-250 


U.A 


V DS =-100V, V GS =0V 








-1000 




V DS =-80V, V GS =0V,Tj=150°C 


'gss 


Gate-to-Source Forward Leakage 






-500 


nA 


V GS =-20V 








Gate-to-Source Reverse Leakage 






500 


V GS =20V 


Q 


To :al Gate Charge 


... 


... 


8.7 




l D =-4.0A, V DS =-80V, 
V GS =-10V© 


Q as 


Gate-to-Source Charge 






2.2 


nC 


Q fl d 


Gate-to-Drain ("Miller") Charge 


... 


... 


4.1 




•d(ort) 


Tu n-On Delay Time 


... 


10 






V DD =-50V, l D =-4.0A 
R G =1in, R D =24£i© 






tr 


Rise Time 


— 


27 


... 


ns 






'd(off) 


Turn-Off Delay Time 


— 


15 


— 






tf 


Fall Time 




17 












Ld 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 






L S 


Internal Source Inductance 




7.5 




s 


C iS s 


Input Capacitance 




200 






V GS =0V, V DS =-25V 






C ss 


Output Capacitance 




94 




pF 


/=1.0Mhz 






Crss 


Reverse Transfer Capacitance 




18 












Source-Dra n Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Bcdy Diode) 






-3.4 


A 


MOSFET symbol 
showing the f 
integral reverse °\ 
p-n junction diode. 




D 
•\ 


Ism 


Pulsed Source Current 
(Bcdy Diode) © 






-14 


S 


V SD 


Diode Forward Voltage 






-5.5 


V 


Tj=25''C, l s =-3.4A, V GS =0V© 


trr 


Reverse Recovery Time 


41 




160 


ns 


Tj=25°C, l F =-4.0A, 






Qrr 


Reverse Recovery Charge 


0.075 




0.30 


uC 


di/dt=-100A/uS© 






ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive rat ng; Pulse width limited by 
max. junction emperature 

© V DD =-25V, Starting Tj=25°C, L=20mH, 
R G =25£1, Peak l AS =-3.4A 



) lso^-3.4A, di/dt<-75A/^s, V DD <BV DSS , 
Tj<1 75°C Suggested R G =24£2 



> Mounting surface: 
flat, smooth, greased 



© Pulse width < 300ns; duty Cycle <2% © K/W = °C/W 



For more inforrration on the same die in a HD-1 package refer to IRFD91 10. 
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PD-9.520D 



International 
BM] Rectifier 

HEXFET® Power MOSFET 

• Surface Mount (IRFR9120) 

• Straight Lead (IRFU9024) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

. p Phannol 



IRFR9120 



IRFU9120 



n 




- 



p-channel 



BVqss 


-100V 


RDS(on) 


0.6ft 


Id 


-6.3A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 





D-Pak 

TO-252AA |-p a k 
TO-251AA 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-6.3 


A 


l D @T c = 100°C 


Continuous Drain Current, V G s@-10V 


-4.5 




Pulsed Drain Current © 


-25 


Pd@ T c = 25°C 


Maximum Power Dissipation 


50 


W 




Linear Derating Factor 


0.33 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy © 


270 


mJ 


Iar 


Avalanche Current © 


-6.3 


A 


Ear 


Repetitive Avalanche Energy © 


5.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-5.5 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R 9JC 


Junction-to-Case 






3.0 


K/W© 


Rocs 


Case-to-Sink © 




1.7 




Rgja 


Junction-to-Ambient, Typical Socket Mount 







,,; 
110 



119 



IRFR9120, IRFU9120 H 



Electrica 


Characteristics @ Tj = 25°C (unless otherwise specified) 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


C rain-to-Source Breakdown Voltage 


-100 


... 


— 


V 


V GS =0V, l D =-250uA 


ABVqss/ATj 


Temp. Coefficient of Breakdown Voltage 


... 


0.10 


... 


V/°C 


Reference to 25°C, l D =-1mA 


RDS(on) 


Static Drain-to-Source On Resistance 


... 


... 


0.60 


n 


V GS =-10V, l D =-3.8A© 


VGS(th) 


G ate Threshold Voltage 


-2.0 


— 


-4.0 


V 


Vds=V gs . I d =-250uA 


9fs 




Forward Transconductance 


1.7 


... 


... 


S 


V DS =-50V, l DS =-3.8A© 


bss 


Zero Gate Voltage Collector Current 


— 


— 


-250 


M-A 


V DS =-100V, V es =0V 


— 


... 


-1000 


V DS =-80V, V GS =OV,Tj=150=C 


•gss 


Gate-to-Source Forward Leakage 


... 


... 


-500 


nA 


V GS =-20V 


Gate-to-Source Reverse Leakage 






500 


V GS =20V 


Qa 


Total Gate Charge 







18 


nC 


l D =-6.8A, V DS =-80V, V GS =-10V 
See Fig 6 and 13© 


Q fl s 


Gate-to-Source Charge 


— 




3.0 


Qqd 


Gate-to-Drain ("Miller") Charge 






9.0 


td(on) 


Tjrn-On Delay Time 


... 


9.6 


... 


ns 


V DD =-50V, l D =-6.8A 
R G =18i2, R D =7.m 
See Fig. 10© 


tr 


Rise Time 


... 


29 


... 


tdjofl) 


Turn-Off Delay Time 


... 


21 


... 


tf 


Fall Time 




25 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) , 
from package, J 
and center of die 
contact. 


s 


LS 


Ls 


Internal Source Inductance 




7.5 




Cjss 


In out Capacitance 




390 




pF 


V GS =0V, V DS =-25V 

/=1.0Mhz 

See Fig. 5 


C ss 


Ojtput Capacitance 




170 




Crss 


Roverse Transfer Capacitance 
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Source-Dreiin Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






-6.3 


A 


MOSFET symbol 
showing the / 
integral reverse "A 
p-n junction diode. 


FE 


D 

s 


Ism 


Pulsed Source Current 
(Body Diode) © 






-25 


V SD 


Di ode Forward Voltage 






-6.3 


V 


Tj=25°C, l s =-6.3A, V GS =0V© 


trr 


Reverse Recovery Time 


49 




200 


ns 


Tj=25°C, l F =-6.8A, 
di/dt=-100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.17 




0.66 


uC 


'on 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + l_ ) 



Notes: 



© Repetitive rating; Pulse width limited by ® l^-e^A, di/dts-1 1 0A/u.s, V DD <BV DSS , © Mounting surface: 

max. junction temperature (See figure 11) Tj<1 75°C Suggested R G =1 an flat, smooth, greased 

© V DD =-25V, Smarting Tj=25 C, L=1 1 mH, © Pulse width <. 300us; duty Cycle <2% © K/W = °C/W 
R G =25n, Peak l AS =-6.3A (See figure 12) 
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IOR 



IRFU9120, 1RFR9120 
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IRFR9120, IRFU9120 



900 




-Vqs, Drain-to-Source Voltage (volts) 

Fig 5. Typical Capacitance Vs. Drain- 
to-Source Voltage 
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Qg, Total Gate Charge (nC) 
Fig 6. Typical Gate Charge Vs. Gate- 




-Vsd, Source-to-Drain Voltage (volts) 

Fig 7. Typical Source-Drain Diode 
For 



10 2 5 10 2 2 5 10 3 

-Vds. Drain-to-Source Voltage (volts) 
Fig 8. Maximum Safe Operating Area 



122 



IOR 



IRFU9120, 1RFR9120 




T c , Case Temperature (°C) 

Fig 9. Maximum Drain Current Vs. F'9 10b. Switching Time Waveforms 

Case Temperature 




icr 5 icr 4 icr 3 io -2 o.i 1 10 

ti, Rectangular Pulse Duration (seconds) 



Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case 



IRFR9120, IRFU9120 




Fig 12a. Undamped Inductive Test Circuit 
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Fig 12b. Undamped Inductive Waveforms 
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Fig 12c. Maximum Avalanche Energy 
vs. Drain Current 
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-10V - 



Fig 13a 




ll2V-±- =r .2U.F5 




.3(iF 



"gs >- 




T)-3mAEU 
T_ vw— 



D.U.T. 



-VW- 



i v. 



DS 



Id 

t Sampling Resistors 

Fig 13b. Gate Charge Test Circuit 



Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit 




B: Package 

Appendix C: Tape & Reel Information 

Appendix D: Part Marking Information 
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International 
S Rectifier 



International 
S Rectifier 













oD 


G V 






is 


p-channel 



Target Data Sheet PD-9.521 C 

IRFR9210 



HEXFET® Power MOSFET 

• Surface Mount (IRFR9210) 
•Straight Lead (IRFU9210) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• P-Channel 



IRFU9210 



Description 



BVqss 


-200V 


R DS(on) 


3. on 


Id 


-2.0A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 




D-Pak 

TO-252AA 



l-Pak 

TO-251AA 







Absolute Maximum Ratings 





Parameter 


Max. 


Units 


b @ T c = 25°C 


Continuous Drain Current, Vqs@- 1 0V 


-2.0 


A 


| D @T C = 100°C 


Continuous Drain Current, Vqs@ _ 10V 


-1.3 


'dm 


Pulsed Drain Current ffi 


-8.0 


Pd@ T c = 25°C 


Maximum Power Dissipation 


25 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy ® 


41 


mJ 


Ur 


Avalanche Current © 


-2.0 


A 


Ear 


Repetitive Avalanche Energy © 


2.5 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-5.0 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rejc 


Junction-to-Case 






5.0 


KA/V© 


Recs 


Case-to-Sink © 




1.7 




Roja 


Junction-to-Ambient, Typical Socket Mount 
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IRFR9210, IRFU9210 







Electrica 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


D 'ain-to-Source Breakdown Voltage 


-200 







V 


V GS =0V, l D =-250u_A 


ABV DSS /ATj 


Tomp. Coefficient of Breakdown Voltage 





n/a 





v/°c 


Reference to 25°C, l D =-1mA 


RDS(on) 


Static Drain-to-Source On Resistance 







3.0 


£} 


V GS =-10V, l D =-1.2A© 


^GS(th) 


Gate Threshold Voltage 


-2.0 





-4.0 


V 


Vos=V G s. I D =-250hA 


9fs 


Forward Transconductance 


n/a 








s 


V DS =-50V, l DS =-1.2A© 




Zuro Gate Voltage Collector Current 







-250 


HA 


V DS =-200V, V GS =0V 


... 





-1000 


V DS =-160V, V GS =0V,Tj=125°C 


IGSS 


Gate-to-Source Forward Leakage 








-500 


nA 


V GS =-20V 


Gate-to-Source Reverse Leakage 








500 


V es =20V 


Q Q 




Total Gate Charge 


... 


... 


6.0 


nC 


l D =-2.4A, V DS =-160V, 
V GS =-10V© 


Qqs 


Gate-to-Source Charge 






1.2 


Q a d 


Gate-to-Drain ("Miller") Charge 


... 




3.6 


'd(on) 


Turn-On Delay Time 




8 




ns 


V DD =-100V, l D =-2.4A 
R G =24Ci, R D =42ft© 


t, 


Rise Time 




15 




'd(off) 


Turn-Off Delay Time 


... 


10 




tf 


Fall Time 




8 




Ld 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) , 
from package, J 
and center of die 
contact. 


□ 

-f L s 

s 


Ls 


Internal Source Inductance 




7.5 






Input Capacitance 




160 




PF 


V GS =0V, V DS =-25V 
/=1.0Mhz 


C ss 


Output Capacitance 




50 




Crss 


R averse Transfer Capacitance 




12 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Elody Diode) 






-2.0 


A 


MOSFET symbol 
showing the / 
integral reverse <5\ 
p-n junction diode. 




D 
'] 
S 


Ism 


Pulsed Source Current 
(Elody Diode) ffi 






-8.0 


V SD 


D ode Forward Voltage 






-5.8 


V 


Tj=25°C, l s =-2.0A, V GS =0V© 


trr 


Reverse Recovery Time 


n/a 




n/a 


ns 


Tj=25°C, l F =-2.4A, 
di/dt=-100A/u.S© 


Qrr 


Reverse Recovery Charge 


n/a 




n/a 


uC 


'on 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



© Repetitive rating; Pulse width limited by 
max. junction temperature 

© V DD =-50V, Starting Tj=25°C, L=15mH, 



) l SD ^-2.0A, di/dt<-90A/u.s, V DD <BV DSS , © Mounting surface: 
Tj<1 50°C Suggested R G =24n flat, smooth, greased 



R G =25n, P«.ak l AS =-2.0A 



© Pulse width < 300p.s; duty Cycle <2% © K/W = °C/W 

: Data Sheet: Specification Pending; Contact Factory for Update 
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International 
[^Rectifier 



Target Data Sheet PD-9.522C 

IRFR9220 



HEXFET® Power MOSFET 

• Surface Mount (IRFR9220) 

• Straight Lead (IRFU9220) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• P-Channel 

Description 



IRFU9220 




p-channel 



BVqss 


-200V 


RDS(on) 


1.5Q 


Id 


-3.6A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 




D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @-10V 


-3.6 


A 


| D @ T c = 1 00°C 


Continuous Drain Current, V GS @-10V 


-2.3 


Idm 


Pulsed Drain Current © 


-14 


Pd@ T c = 25°C 


Maximum Power Dissipation 


42 


W 




Linear Derating Factor 


0.33 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy © 


84 


mJ 


!ar 


Avalanche Current ffi 


-3.6 


A 


Ear 


Repetitive Avalanche Energy ffi 


4.2 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


-5.0 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +1 50 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R GJC 


Junction-to-Case 






3.0 


K/W© 


R ecs 


Case-to-Sink © 




1.7 




ReJA 


Junction-to-Ambient, Typical Socket Mount 






110 
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IRFR9220, IRFU9220 







Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


C'rain-to-Source Breakdown Voltage 


-200 






V 


V GS =0V, l D =-250u.A 




Temp. Coefficient of Breakdown Voltage 




n/a 




V/°C 


Reference to 25°C, l D =-1mA 




Static Drain-to-Source On Resistance 






1.5 


a 


V GS =-10V, l D =-2.2A© 




Gate Threshold Voltage 


-2.0 




-4.0 


V 


V D S=V G S. l D =-250u.A 


S3 IS 


Forward Transconductance 


n/a 






s 


V DS =-50V, l DS =-2.2A© 




Zero Gate Voltage Collector Current 






-250 


HA 


V DS =-200V, V GS =0V 






-1000 


V DS =-160V, V GS =0V,Tj=125°C 


IGSS 


Gate-to-Source Forward Leakage 






-500 


nA 


V GS =-20V 


Gate-to-Source Reverse Leakage 






500 


V GS =20V 


Q« 


Total Gate Charge 


... 


... 


13 


nC 


l D =-4.0A, V DS =-160V, 
V GS =-10V© 




Gate-to-Source Charge 






2.4 


Q fl d 


Giate-to-Drain ("Miller") Charge 


... 




7.6 


^d(on) 


Turn-On Delay Time 




15 




ns 


V DD =-100V, l D =-4.0A 
R G =18fl, R D =25fl© 


t r 
l r 


Rise Time 




35 




trl/nfft 


Turn-Off Delay 1 


"ime 




15 




tf 


Fall Time 






25 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


v ^-— Ls 
s 


Ls 


Internal Source Inductance 




7.5 




Ciss 


lr put Capacitance 




340 




PF 


V GS =0V, V DS =-25V 
/=1.0Mhz 


Coss 


Cutput Capacitance 




105 




Crss 


Reverse Transfer Capacitance 




25 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Elody Diode) 






-3.6 


A 


MOSFET symbol 
showing the / 
integral reverse ^\ 
p-n junction diode. 




D 

s 


Ism 


P Jlsed Source Current 
(Elody Diode) © 






-14 


Vso 


Diode Forward Voltage 






-6.3 


V 


Tj=25°C, l s =-3.6A, V es =0V© 


trr 


Reverse Recovery Time 


n/a 




n/a 


ns 


Tj=25°C, l F =-4.0A, 
di/dt=-100A/u.S© 


Qrr 


Reverse Recovery Charge 


n/a 




n/a 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible 


(turn-on is dominated by L s + Lq) 



) Repetitive rating; Pulse width limited by 
max. junction temperature 

' V DD =-50V, Starting Tj=25°C, L=9.7mH, 
R G =25fl, Peiak l AS =-3.6A 




ulse width < 300u.s; duty Cycle <2% ( 



flat, smooth, greased 
= °C/W 



Target Data Sheet: Specification Pending; Contact Factory for Update 
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PD-9.637B 



International 
S»] Rectifier 



IRFRC20 



HEXFET® Power MOSFET 

• Surface Mount (IRFRC20) 
•Straight Lead (IRFUC20) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 



Description 




6S 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRFUC20 



BV DSS 600V 
RDS(on) 4.4Q 
l D 2.0A 




D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 







Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @10V 


2.0 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @10V 


1.3 


'dm 


Pulsed Drain Current © 


8.0 




Maximum Power Dissipation 


42 


W 




Linear Derating Factor 


0.33 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+20 


V 


Eas 


Single Pulse Avalanche Energy ® 


100 


mJ 


Iar 


Avalanche Current © 


2.0 


A 


Ear 


Repetitive Avalanche Energy © 


4.2 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


3.0 


V/ns 


Tj 

T STC3 


Operating Junction and 
Storage Temperature Range 


-55 to +150 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Resistance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rejc 


Junction-to-Case 






3.0 


K/W© 


Rocs 


Case-to-Sink © 




1.7 




Rsja 


Junction-to-Ambient, Typical Socket Mount 
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IRFRC20, IRFUC2Q H| 

Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


C rain-to-Source Breakdown Voltage 


600 






V 


V G s=0V, l D =250u.A 


ABVn<5s/ATl 


Temp. Coefficient of Breakdown Voltage 




0.88 




V/°C 


Reference to 25°C, l D =1 mA 




Static Drain-to-Source On Resistance 






4.4 


a 


V GS =10V, l D =1.2A® 




Giate Threshold Voltage 


2.0 




4.0 


V 


V D s=V G s. b=250nA 


y ts 


Forward Transconductance 


1.0 






s 


Vnc = 100V lnc=1 2A© 

"Ob i v , ids 1 -C^W 


Incc 


Zero Gate Voltage Collector Current 






250 




V DS =600V, V GS =0V 






1000 


V DS =480V, V GS =0V,T J =125 <, C 


InQQ 


Gate-to-Source Forward Leakage 








500 


nA 


V GS =20V 


Giate-to-Source Reverse Leakage 






-500 


Vr<s=-20V 


Q fl 


Total Gate Charge 


... 


... 


18 


nC 


l D =2.0A, V DS =480V, 
V GS =10V© 


as 


Giate-to-Source Charge 






3.0 




Giate-to-Drain ("Miller") Charge 


... 




8.9 


o(On) 


Turn-On Delay Time 




10 




ns 


V DD =300V, l D -2.0A 
R G =18n, R D =150n© 




Fise Time 




23 




^d(off) 


Turn-Off Delay Time 




30 




t, 


Fall Time 




25 




L D 






4.5 




nH 


Between lead, 
6mm (0.25in.) , 
from package, J 
and center of die 
contact. 


c 
s 


LS 


Ls 


Internal Source Inductance 




7.5 




C iss 


Input Capacitance 




350 




pF 


V GS =0V, V 0S =25V 




C ss 


C'Utput Capacitance 




48 




/=1.0Mhz 


C rss 


Reverse Transfer Capacitance 




8.6 






Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






2.0 


A 


MOSFET symbol 
showing the / 
integral reverse 4, 
p-n junction diode. 




□ 
s 


Ism 


Pulsed Source Current 
(Body Diode) © 






8.0 


V SD 


Diode Forward Voltage 






1.6 


V 


Tj=25°C, l s =2.0A, V GS =0V© 


trr 


Reverse Recovery Time 


140 




580 


ns 


Tj=25°C, l F =2.2A, 
di/dt=100A/u,S© 


Qrr 


Reverse Recovery Charge 


0.34 




1.3 


uC 


ton 


Farward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 



© Repetitive rating; Pulse width limited by ® l SD <2.0A, di/dt<40A/u.s, V DD <BV DSS , © Mounting surface: 
max. junction temperature Tj<1 50°C Suggested R G =1 8£i flat, smooth, greased 

© V DD =50V, Starting Tj=25°C, L=49mH, © Pulse width < 300u.s; duty Cycle <2% © K/W = "C/W 
R G =25Q, P«,ak l AS =2.0A 
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PD-9.438C 



International 
S Rectifier 







IRFS1Z0 



HEXFET® Power MOSFET 



Repetitive Avalanche Rated 
Dynamic dv/dt Rated 
Surface Mount 







G V 




n-channel 



Description 

Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The SOT-89 package is a sub-compact surface mount case style designed 
for vapor phase, infra red, or wave soldering production processes. Power 
dissipation levels up to 2 watts are p 



BVqss 


100V 


R DS(on) 


2.4Q 


Id 


0.90A 



Absolute Maximum Ratings 





SOT-89 





Parameter 


Max. 


Units 


l D @ T c = 25"C 


Continuous Drain Current, V GS @10V 


0.90 


A 


l D @ T c = 1 00°C 


Continuous Drain Current, V GS @10V 


0.64 


Idm 


Pulsed Drain Current © 


3.6 


Pd@ T c = 25°C 


Maximum Power Dissipation 


4.3 


W 




Linear Derating Factor 


0.29 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±20 


V 


Eas 


Single Pulse Avalanche Energy © 


9.8 


mJ 


Iar 


Avalanche Current © 


0.90 


A 


Ear 


Repetitive Avalanche Energy © 


0.43 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.5 


V/ns 


Tj 

TsTfi 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 


Thermal Resistance 




Parameter 


Min. 


Typ. 


Max. 


Units 


Rojc 


Junction-to-Case 






35 


K/W© 


Rocs 


Case-to-Sink © 




5.0 
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IRFS1Z0 





Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Darn mptn r 
r dl dl 1 it? id 


Min 




Max. 


Units 


Test Conditions 




L'l dll 1 IU OUUI Wt5 Dl Ca^UUWl 1 V Ulldy t? 


100 






V 


V GS =0V, l D =250u.A 


^DVdss'A I j 


1 eiliu. voc 1 1 iui c i it Ul Dl oa^uuwi I vuiiciycJ 




0.12 




V/°C 


Reference to 25°C, l D =1 mA 


RnS(on) 


i.ilatlt/ L»idlil"lU"0(JIJ[Uc wl 1 noololdllUO 






2.4 


Q 


V GS =10V, l D =0.54A© 


^GSfth) 


v.<idic 1 1 1( col isji*j vunoyc 


2.0 




4.0 


v 


V D S=V G S. b=250uA 


9fs 


r UlWdlU 1 1 allbUUI lUU^ldl lot; 


0.24 






s 


V DS =50V, l DS =0.54A© 


IDSS 


t clU UalC VUlLdyc OUIItJL/lUI v^UllcllL 






250 


llA 


V DS =100V, v GS =ov 












V DS =80V, V GS =0V,Tj= 


150°C 




V.idltJ LU "OUUIOtJ rUIWdlU L-CdlSayc 






500 


nA 


V GS =20V 




utaWlu "ouuim ncvviao i_ts<ar\ciytJ 






-500 


V GS =-20V 


Q fl 


Total Gate Charge 


... 


... 


1.6 




l D =0.90A, V DS =80V, 
V GS =10V© 




Gate-to-Source Charge 






U.DO 


nC 




Gate-to-Drain ("Miller") Charge 


... 




0.95 




* 

'd(on) 


Turn-On Delay Time 




7 Q 
/ .0 






V DD =50V, l D =0.90A 
R G =50£i, R D =55£J© 






1 
'r 


Fise Time 




A K 
4.3 




ns 






Id(off) 


Turn C \ff rtol^i Timo 

i urn-wTT ueiay i intc 




i 4 
I I 








t. 


rail 1 ime 




A ~7 
4./ 












L D 


Internal Drain Inductance 




2.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


p 


Ls 


Internal Source Inductance 




3.0 




s 


Qss 


Input Capacitance 




39 






V GS =0V, V DS =25V 






C ss 


Cutput Capacitance 




18 




PF 


/=1.0Mhz 








Reverse Transfer Capacitance 




2.8 


— 










Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


is 


Continuous Source Current 
(Elody Diode) 






0.9 


A 


MOSFET symbol 
showing the ( 
integral reverse ^ 
p-n junction diode. 




D 


Ism 


Pjlsed Source Current 
(Elody Diode) © 






3.6 


'} 
s 


V SD 


D ode Forward Voltage 






1.4 


V 


T,=25°C, l s =0.9A, V GS =0V© 


trr 


Reverse Recovery Time 


42 




71 


ns 


Tj=25"C, l F =0.9A, 






Qrr 


Reverse Recovery Charge 


0.14 




0.41 


uC 


di/dt=100A/uS© 






ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 



© Repetitive rating; Pulse width limited by © | SD <0.9A, di/dt<25A/u.s, V DD <BV DSS , © Mounting surface: 
max. junction temperature T,<1 75°C Suggested R G =50fi flat, smooth, greased 

© V DD =25V, Sailing Tj=25°C, L=16mH, © Pulse width < 300u.s; duty Cycle <2% © K/W = °C/W 
R G =25£2, Peak l AS =10A 

For more information on the same die in a HD-1 package refer to IRFD1Z0. 
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International 

B5r1 



HEXFET® Power MOSFET 

» Dynamic dv/dt Rated 
t For Automatic Insertion 

• End Stackable 

• Logic Level Gate 

Description 







PD-9.628 

IRLD014 




n-channel 



BVqss 


60V 


RDS(on) 


0.20Q 


Id 


1.7A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 




HD-1 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @5V 


1.7 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @5V 


1.2 


Idm 


Pulsed Drain Current © 


14 


Pd@ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Ves 


Gate-to-Source Breakdown Voltage 


±10 


V 


Eas 


Single Pulse Avalanche Energy ® 


130 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


4.5 


V/ns 


Tj 

T STG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Resistance 


n 


Parameter 


Max. 


Units 


RflJA 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W® 
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IRLD014 



I«R 



Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 




Drain-to-Source Breakdown Voltage 


60 







V 


V GS =0V, l D =250uA 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 




0.070 





v/°c 


Reference to 25°C, l D =1 mA 


RnS(on) 


Static Drain-to-Source On Resistance 








0.20 


Q 


V GS =5.0V, l D =1.0A© 




... 


0.28 


V GS =4.0V, l D =0.85A© 


^GS(th) 


Gate Threshold Voltage 


1.0 





2.0 


V 


Vds=Vgs. b=250nA 


9fs 


Forward Transconductance 


1.0 








s 


V DS =25V, l DS =1.0A© 


'dss 


2!ero Gate Voltage Collector Current 








250 




V DS =60V, V GS =0V 




... 


1000 


V DS =48V, V GS =0V,Tj=150 o C 


IGSS 


Gate-to-Source Forward Leakage 








500 


nA 


V GS =10V 


Gate-to-Source Reverse Leakage 


... 


... 


-500 


V GS =-10V 




Total Gate Charge 


— 


... 


8.4 


nC 


l D =10A, V DS =48V, V GS =5.0V© 




Gate-to-Source Charge 






2.6 




Gate-to-Drain ("Miller") Charge 


... 




6.4 


*d(on) 


Turn-On Delay Time 




9.3 




ns 


V DD =30V, l D =10A 
R G =12n, R D =2.8n© 


tr 


Rise Time 




110 




*d(off) 


Turn-Off Delay Time 




17 




t f 


F : all Time 




26 




L D 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) , 
from package, A 
and center of die 
contact. 


i 

s 


> 


Ls 


hternal Source Inductance 




6.0 




Ciss 


I iput Capacitance 




400 






V GS =0V, V DS =25v 
/=1.0Mhz 


C ss 


Output Capacitance 




170 




C rS s 


Reverse Transfer Capacitance 




42 




Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






1.7 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 




D 
k 1 
S 


Ism 


F'ulsed Source Current 
(Body Diode) ® 






14 


V SD 


Diode Forward Voltage 






1.6 


V 


Tj=25°C, l s =1.7A, V GS =0V© 


trr 


Reverse Recovery Time 


73 




130 


ns 


Tj=25°C, l F =10A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.10 




0.65 


uC 


ton 


F : orward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive lating; Pulse width limited by 
max. junction temperature 

© V DD =25V, Starting ^25'C, L=55mH, 
R G =25il, Feak l A s=1-7A 



) l S D^10A, di/dt<90A/u.s, V D0 <BV DSS , 
Tj<175°C Suggested R G =12Ci 



© Mounting surface: 
flat, smooth, greased 



© Pulse width < 300u.s; duty Cycle <2% © K/W = °C/W 
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International 
S Rectifier 



PD-9.629 



RLD024 



HEXFET® Power MOSFET 



• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

• Logic Level Gate 

Description 




n-channel 



BVqss 


60V 


RDS(on) 


0.1 0Q. 


Id 


2.5A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 



Absolute Maximum Ratings 




HD-1 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, Vqs@5V 


2.5 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @5V 


1.8 


Idm 


Pulsed Drain Current © 


20 


Pd@ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W7K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±10 


V 


Eas 


Single Pulse Avalanche Energy ® 


91 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


4.5 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Max. 


Units 


R 0JA 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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IRLD024 



I«R 



Electrica (Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


Crain-to-Source Breakdown Voltage 


60 


... 


... 


V 


V GS =0V, l D =250u.A 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 


— 


0.060 


-- 


V/°C 


Reference to 25°C, l D =1 mA 


R DS(on) 


Static Drain-to-Source On Resistance 


— 


... 


0.10 




V GS =5.0V, l D =1.5A© 


... 


... 


0.14 


V GS =4.0V, l D =1.3A© 


V G S(th) 


G ate Threshold Voltage 


1.0 


... 


2.0 


V 


V DS =V GS , l D =250u.A 


9fs 


Forward Transconductance 


1.4 


... 


... 


s 


V DS =25V, l DS =1.5A© 


bss 


Zero Gate Voltage Collector Current 


— 


... 


250 




V DS =60V, V GS =0V 


... 


... 


1000 


V DS =48V, V GS =0V,Tj=150°C 


Igss 


Gate-to-Source Forward Leakage 


... 


— 


500 


nA 


V GS =10V 


Gate-to-Source Reverse Leakage 


... 


... 


-500 


V GS =-10V 




Total Gate Charge 


— 


— 


18 


nC 


l D =16A, V DS =48V, V GS =5.0V© 


Q fl s 


Gate-to-Source Charge 






4.5 


Qgd 


Gate-to-Drain ("Miller") Charge 


... 




12 


'd(on) 


Turn-On Delay Time 




11 




ns 


V DD =30V, l D =16A 
R G =9.0Q, R D =1.7Q© 


tr 


Rise Time 


... 


110 


... 


td(off) 


Turn-Off Delay Time 


... 


23 


... 


tf 


Fall Time 


... 


41 


... 


L D 


Irternal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, c [ 
and center of die 
contact. 


□ 

s 


Ls 


Irternal Source Inductance 




6.0 




C iss 


lr put Capacitance 




880 




pF 


V GS =0V, V DS =25v 
/=1.0Mhz 


C oss 


C utput Capacitance 




350 




C rS s 


Reverse Transfer Capacitance 




54 




Source-Dr ain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






2.5 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 




D 

') 

s 


ISM 


Pulsed Source Current 
(Body Diode) © 






20 


V SD 


Diode Forward Voltage 






1.5 


V 


Tj=25°C, l s =2.5A, V GS =0V© 


trr 


Reverse Recovery Time 


70 




140 


ns 


Tj=25°C, l F =16A, 
di/dt=100A/|xS© 


Qrr 


Reverse Recovery Charge 


0.19 




0.78 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. juncticn temperature 



® I SD S17A, di/dt<140A/u.s, V DD <BV DSS , 
Tj<175°C Suggested R G =9.0n 



© Mounting surface: 
flat, smooth, greased 



D Pulse width < 300ns; duty Cycle <2% © K/W = °C/W 
For more info-mation on the same die in a TO-220 package refer to IRLZ24. 



) V DD =25V, Starting T,=25°C, L=17.5mH, 
R G =25fl, Peak l AS =2.5A 



PD-9.635 



International 
S Rectifier 



IRLD110 



HEXFET® Power MOSFET 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

• Logic Level Gate 

Description 









1 


E 










n-channel 





BV D ss 100V 
RDS(on) 0.54Q 
l D 1.0A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 



The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 



Absolute Maximum Ratings 




HD-1 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, Vqs@5V 


1.0 




l D @T c = 100°C 


Continuous Drain Current, V G s@5V 


0.70 


A 


Idm 


Pulsed Drain Current © 


8.0 




Pd@ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


V GS 


Gate-to-Source Breakdown Voltage 


±10 


V 


Eas 


Single Pulse Avalanche Energy ® 


140 


mJ 


Iar 


Avalanche Current © 


1.0 


A 


Ear 


Repetitive Avalanche Energy ffi 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt <3> 


5.5 


V/ns 


Tj 

TsTG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°c 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 




Thermal Resistance 








Parameter 


Max. 


Units 


RojA 


Junction-to-Ambient, Typical Socket Mount 



120 


K/W© 
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IRLD110 



TOR 



hiectrica 


Characteristics @ Tj = 25°C (unless otherwise specified) 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV D ss 


Drain-to-Source Breakdown Voltage 


100 


— 


... 


V 


V GS =0V, l D =250u.A 


ABV DSS /ATj 


Tamp. Coefficient of Breakdown Voltage 


— 


0.12 


— 


V/°C 


Reference to 25°C, l D =1 mA 


R DS(on) 


Static Drain-to-Source On Resistance 


— 


— 


0.54 


n 


V GS =5.0V, l D =0.6A© 


... 


— 


0.76 


V GS =4.0V, l D =0.50A© 


^GSfth) 


Gate Threshold Voltage 


1.0 


— 


2.0 


V 


Vds=Vgs. b=250uA 


9fs 


Forward Transconductance 


0.8 


— 


— 


S 


V DS =50V, l DS =0.60A© 


tass 


Zero Gate Voltage Collector Current 


— 


— 


250 


uA 


V DS =100V, V GS =0V 


... 


— 


1000 


V OS =80V, V GS =0V,Tj=150 o C 


IGSS 


Gate-to-Source Forward Leakage 


— 


— 


500 


nA 


V GS =10V 


Gate-to-Source Reverse Leakage 






-500 


v GS =-iov 




Total Gate Charge 


... 


... 


6.1 


nC 


l D =5.6A, V DS =80V, V GS =5.0V© 




Gate-to-Source Charge 






2.6 




Gate-to-Drain ("Miller") Charge 


— 


— 


3.3 


'd(on) 


Turn-On Delay Time 


— 


9.3 


— 


ns 


V DD =50V, l D =5.6A 
R G =12£1, R D =8.4n© 


tr 


Flise Time 


— 


47 


— 


td(off) 


Turn-Off Delay Time 


— 


16 


— 


'( 


Fall Time 




17 




L D 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


s 


LS 


Ls 


Internal Source Inductance 




6.0 




C iss 


1 iput Capacitance 




250 




pF 


V GS =0V, V DS =25v 
/=1.0Mhz 


Coss 


Output Capacitance 




80 




c rss 


Reverse Transfer Capacitance 




15 


— 


Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






5.6 


A 


MOSFET symbol 
showing the / 
integral reverse G \ 
p-n junction diode. 




J 

3 


Ism 


Pulsed Source Current 
(Body Diode) © 






18 


V SD 


Diode Forward Voltage 






2.5 


V 


Tj=25°C, l s =1.0A, V GS =0V© 


t,r 


Reverse Recovery Time 


89 




130 


ns 


Tj=25°C, l F =5.6A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.35 




0.65 


uC 


'on 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive -ating; Pulse width limited by 
max. junction temperature 

© V DD =25V, Starting Tj=25°C, L=52mH, 
J, Peak l AS =2.0A 



D l SD ^5.6A, di/dt<75A/u.s, V DD <BV DSS , 
Tj<175°C Suggested R G =12Q 

) Pulse width < 300u.s; duty Cycle <2% 



© Mounting surface: 
flat, smooth, greased 

© K/w = °C/w 
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PD-9.634 



International 
S Rectifier 



IRLD120 



HEXFET® Power MOSFET 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• For Automatic Insertion 

• End Stackable 

• Logic Level Gate 

Description 








n-channei 







- 







BV DSS 100V 
R DS(on) 0.27Q 
l D 1.3A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The 4-pin DIP package is a low cost machine insertable case style which can 
be stacked in multiple combinations on standard 0.1 inch pin centers. The 
dual drain pin serves as a thermal link to the mounting surface for power 
dissipation levels up to 1 watt. 




HD-1 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25"C 


Continuous Drain Current, V GS @5V 


1.3 


A 


l D @T c = 100°C 




Continuous Drain Current, V GS @5V 


0.94 




Pulsed Drain Current © 


10 


P D @ T c = 25°C 


Maximum Power Dissipation 


1.3 


W 




Linear Derating Factor 


0.0083 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+10 


V 


Eas 


Single Pulse Avalanche Energy ® 


1 00 


mJ 


Ur 


Avalanche Current ® 


1.3 


V 


Ear 


Repetitive Avalanche Energy © 


0.13 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


5.5 


V/ns 


Tj 

T ST<3 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, tor 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Max. 


Units 


Rqja 


Junction-to-Ambient, Typical Socket Mount 


120 


K/W© 
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IRLD12 S 





Electrical (Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Mi n 


Tun 
i yp. 


Max. 


Units 


Test Conditions 


D V DSS 


Lidin iu ouuilc ui Qanuun 1 1 vuudyc 


100 






V 


V GS =0V, l D =250uA 


ABV DSS /ATj 


1 Ollip. UUClllUClIt UI Of CCtf\UUWII vuiiayc 




0.12 




v/°c 


Reference to 25°C, l D 


=1mA 


RDS(on) 


9tatir nrain-tn-finurnp On Rp<ii<itanrp 






0.27 


n 


Vqs — 3-UV, In —\J. / of\KzJ 






0.38 


V GS =4.0V, l D =0.65A© 


»GS(th) 


V. ale 1 MICollUlU VUlLa^C 


1 ,o 




2.0 


V 


V D s=V GS , l D =250uA 


SJfs 


F^irwjirH Trsn^f^nnrii iptpinr^p 


0.92 






s 


V DS =50V, l DS =0.78A© 


'dss 


7srn f^atp Vnltanfi finllpr'tnr fiurrpnt 






250 


uA 


VDS=l UUV t V GS =UV 






1000 


V DS =80V, V GS =0V,Tj=150°C 


IUOO 


L ale IU OUUIiiC rUIWdlU l_cctr\ayc 






500 


nA 


V GS =10V 


V-iaLH-lU-OOUlOo rWVOioo LfcJcliNayt? 








V GS =-10V 


Q« 


Total Gate Charge 


— 


... 


12 


nC 


l D =9.2A, V DS =80V, V GS =5.0V© 


r\ 

°9S 


ft lava trt Crtii>*^^ ^h^^/ia 
OalG-lU-OUUlC.6 wlldiyfc; 






o.u 


Qfld 


Gate-to-Drain ("Miller") Charge 


... 




7.1 


• 

'd(on) 


Turn-On Delay Time 




y.o 




ns 


V DD =50V, l D =9.2A 
R G =9.0O, R D =5.2i2© 


| 

'r 


Pise Time 




CtA 
o4 




•dfofl) 


Turn-Off Delay Time 




91 
c. \ 




t, 


ran 1 ime 








L D 


Internal Drain Inductance 




4.0 




nH 


Between lead, 
6mm (0.25in.) / 
from package, A 
and center of die 
contact. 


D 

fQ?\ LD 

s 


Ls 


Internal Source Inductance 




6.0 




Css 


Input Capacitance 




490 




pF 


V GS =0V, V DS =25v 
/=1.0Mhz 


Coss 


O utput Capacitance 




150 




Crss 


Feverse Transfer Capacitance 




30 





Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






1.3 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 


m 


D 

S 


Ism 


Pulsed Source Current 
(Body Diode) ffi 






10 


Vsd 


Diode Forward Voltage 






2.5 


V 


Tj=25°C, l s =1.3A, V GS =0V© 


trr 


Reverse Recovery Time 


82 




140 


ns 


Tj=25°C, l F =9.2A, 
(turn-on is dominated by 




Qrr 


Reverse Recovery Charge 
Forward Turn-On Time 


0.64 
Intrinsk 


• turn-or 


1.0 
time is 


uC 
negligiDle 



Notes: 



© Repetitive rating; Pulse width limited by © | SD <9.2A, di/dt<1 1 OA/^s, V DD <BV DSS , © Mounting surface: 
max. junction temperature Tj<175°C Suggested R G =9.0Si flat, smooth, greased 

© V DD =25V, Starting Tj=25°C, L=24mH, © Pulse width < 300u.s; duty Cycle <2% © K/W = °C/W 
R G =25n, Peak l AS =2.6A 
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International 
US Rectifier 




IRLR014 



HEXFET® Power MOSFET 

•Surface Mount (IRLR014) 
•Straight Lead (IRLU014) 

• Dynamic dv/dt Rated 

• Logic Level Gate 



Description 




AS 

n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRLU014 



BVqss 


60V 


R DS(on) 


0.20Q 


Id 


8.5A 




D-Pak 

TO-252AA |.p a k 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @5V 


8.5 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @5V 


6.0 


'dm 


Pulsed Drain Current © 


31 


P D @ T c = 25°C 


Maximum Power Dissipation 


30 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


+10 


V 


Eas 


Single Pulse Avalanche Energy ® 


47 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


4.5 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


r ojc 


Junction-to-Case 






5.0 


KAA/© 


Pocs 


Case-to-Sink © 




1.7 




RoJA 


Junction-to-Ambient, Typical Socket Mount 




1 


110 
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IRLR014, IRLU014 



Electrics 



Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BVqss 


D ain-to-Source Breakdown Voltage 


60 




... 


V 


V GS =0V, I d =250hA 


ABVdss/aTj 


Tomp. Coefficient of Breakdown Voltage 




0.070 




V/°C 


Reference to 25°C, l D =1 mA 


RDS(on) 


Slatic Drain-to-Source On Resistance 


— 


... 


0.20 


a 


V es =5.0V, l D =5.1 A© 








0.28 


V GS =4.0V, l D =4.3A© 


V G S(th) 


Gate Threshold Voltage 


1.0 


... 


2.0 


V 


Vds=Vgs. b=250u,A 


9fs 


Forward Transconductance 


3.7 




... 


s 


V DS =25V, l DS =5.1A© 


tass 


Zoro Gate Voltage Collector Current 


— 


— 


250 


u.A 


V DS =60V, V GS =0V 




— 


— 


1000 




V DS =48V, V GS =0V,T J =150 <, C 


IGSS 


Gate-to-Source Forward Leakage 






500 


nA 


V GS =10V 




Gate-to-Sou/ce Reverse Leakage 






-500 


V GS =-10V 


Q q 


Total Gate Charge 


— 


— 


8.4 




l D =10A, V DS =48V, V GS =5.0V© 


Q 9= 


Gate-to-Source Charge 






2.6 


nC 




Gate-to-Drain ("Miller") Charge 


— 


... 


6.4 






l d(on) 


Turn-On Delay Time 


— 


9.3 


— 




V DD =30V, l D =10A 
R G =12n, R D =2.8n© 


tr 


Rise Time 


— 


110 


— 


ns 


td(off) 


Turn-Off Delay Time 


— 


17 


— 


*f 


Full Time 




26 








L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, P 
6mm (0.25in.) /l3> Ld 
from package, G [ \ K] T) 
and center of die nJ_b Ls 
contact. s 


Ls 


Internal Source Inductance 




7.5 




Css 


Input Capacitance 




400 






V GS =0V, V DS =25v 




Output Capacitance 




170 




PF 


/=1.0Mhz 




Reverse Transfer Capacitance 




42 








Source-Drain Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Eiody Diode) 






8.5 


A 


MOSFET symbol /T^L 
showing the ( I L ^\ 
integral reverse "^[—Lj/ 
p-n junction diode. Is 


Ism 


Pulsed Source Current 
(Eiody Diode) <D 






31 


V SD 


D ode Forward Voltage 






1.6 


V 


Tj=25°C, l s =8.5A, V GS =0V© 


tr, 


Reverse Recovery Time 


73 




130 


ns 


Tj=25°C, l F =10A, 


Qrr 


Reverse Recovery Charge 


0.10 




0.65 


aC 


di/dt=100A/u.S© 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 


Notes: 















© Repetitive rs.ting; Pulse width limited by 
max. junction temperature 

© V DD =25V, Starting Tj=25°C, L=850u.H, 
R G =25n, Peak l AS =8.5A 



© l SD <8.5A, di/dt<90A/u.s, V DD <BV DS s. 
Tj<175°C Suggested R G =12n 



© Mounting surface: 
flat, smooth, greased 



© Pulse width < 300us; duty Cycle <2% © K/W = °C/W 
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PD-9.625 



International 
S»] Rectifier 



IRLR024 



HEXFET® Power MOSFET 

• Surface Mount (IRLR024) 

• Straight Lead (IRLU024) 

• Dynamic dv/dt Rated 

• Logic Level Gate 

Description 



IRLU024 




n-channel 



BV DSS 60V 
RDS(on) 0.1 0Q 
l D 16A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 




D-Pak 

TO-252AA |.p ak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @5V 


16 


A 


b@T c = 100°C 


Continuous Drain Current, V GS @5V 


11 


'dm 


Pulsed Drain Current © 


64 


P D @ T c = 25°C 


Maximum Power Dissipation 


50 


W 




Linear Derating Factor 


0.33 


W/K© 


v GS 


Gate-to-Source Breakdown Voltage 


±10 


V 


Eas 


Single Pulse Avalanche Energy ® 


91 


mj 


dv/dt 


Peak Diode Recovery dv/dt ® 


4.5 


V/ns 


Tj 

T STG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R ejc 


Junction-to-Case 






3.0 


KAA/© 


Recs 


Case-to-Sink © 




1.7 




Rbja 


Junction-to-Ambient, Typical Socket Mount 
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IRLR024, IRLU024 IS 





Electrical Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Tvd. 


Max. 


Units 


Test Conditions 


ri Vr\cc 
LJ " Dob 


Dnain-to-Source Breakdown Voltage 


60 






V 


Vr==0V, l n =250u.A 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 




0.060 




V/°C 


Reference to 25°C, l D =1 mA 


nDS(on) 


Static Drain-to-Source On Resistance 






0.10 


a 


V^o-5 OV U -9 6A© 






0.14 


V GS =4.0V, l D =8.0A© 


h 

^GSfth) 


Gate Threshold Voltage 


1.0 




2.0 


V 


V D S=V GS . I D =250u.A 


yfs 


Fcward Transconductance 


7.9 






s 


V^o-25V Uo-9 6A© 


Idss 


Ze'o Gate Voltage Collector Current 






250 




V DS =60V, V GS =0V 






1000 


V DS =48V, V GS =0V,Tj=150°C 


1 

'gss 


Gate -to -Source Forward Leakage 






500 


nA 


V GS =10V 


Gate-to-Source Reverse Leakage 






-500 


Vr-e=-10V 

¥ Cab 1 w ¥ 




TolalGate Charge 


— 


... 


18 


nC 


l D =16A, V DS =48V, V GS =5.0V© 


Q 


Gate-to-Source Charge 






4.5 


Q Q d 


Gate-to-Drain ("Miller") Charge 


... 




12 


^d(on) 


Turn-On Rphu Timp 

1 U I I 1 Ul 1 U*o\ay 1 Mile 




1 1 




ns 


V DD =30V, l D =16A 
R G =9.0fi, R D =1.7fl© 




Rise Time 




110 




^d(off) 


Tuin-Off Delay Time 




23 




t f 
l f 


ran i ime 




A 1 




Ld 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, J 
and center of die 
contact. 


D 

s 


Ls 


Internal Source Inductance 




7.5 




Qss 


Inpjt Capacitance 




880 




pF 


V GS =0V, V DS =25v 
/=1.0Mhz 


C ss 


Output Capacitance 




350 




C r5s 


Reverse Transfer Capacitance 




54 


... 


Source-Drain Diode Ratings and Char 


acteristic 


s 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Body Diode) 






16 


A 


MOSFET symbol 
showing the / 
integral reverse "A 
p-n junction diode. 




D 


Ism 


Pulised Source Current 
(Body Diode) © 






64 


V SD 


Diode Forward Voltage 






1.5 


V 


T J =25' , C, l s =16A, Vc3 S =0V© 


trr 


Rev erse Recovery Time 


70 




140 


ns 


Tj=25°C, l F =16A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.19 




0.78 


nc 


'on 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Ld) 



© Mounting surface: 
flat, smooth, greased 

© K/W - °C/W 



Notes: 

© Repetitive rating; Pulse width limited by ® l SD <16A, di/dt<140A/u.s, V DD <BV DSS , 
max. junction temperature Tj<1 75°C Suggested R G =9.0£i 

© V DD =25V, Starting Tj-25°C, L-450u.H, © Pulse width < 300ns; duty Cycle <2% 
R G -25n, Peak l AS -16A 

For more information on the same die in a TO-220 package refer to IRLZ24. 
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PD-9.633 



International 
S Rectifier 



IRLR110 



HEXFET® Power MOSFET 

•Surface Mount (IRLR110) 
•Straight Lead (IRLU110) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 

• Logic Level Gate 

Description 



IRLU110 




n-channel 



BVdss 


100V 


R DS(on) 


0.54ft 


Id 


4.6A 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 




D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V G s@5V 


4.6 




l D @T c = 100°C 


Continuous Drain Current, V GS @5V 




3.3 




A 


Idm 


Pulsed Drain Current © 


18 




P D @ T c = 25°C 


Maximum Power Dissipation 


30 


W 




Linear Derating Factor 


0.20 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±10 


V 


Eas 


Single Pulse Avalanche Energy ® 


100 


mJ 


Ur 


Avalanche Current © 


4.6 


A 


Ear 


Repetitive Avalanche Energy © 


3.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt © 


5.5 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


EC frj . 1 7C 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1.6mm) from case) 




Thermal Resistance 












Parameter 


Min. 


Typ. 


Max. 


Units 


R 9JC 


Junction-to-Case 






5.0 




Recs 


Case-to-Sink © 




1.7 




K/W© 


Roja 


Junction-to-Ambient, Typical Socket Mount 


i 
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IRLR110, IRLU110 



I«R 



Electrica Characteristics @ Tj = 25°C (unless otherwise specified) 





Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


BV DSS 


Drain-to-Source Breakdown Voltage 


100 






V 


Vqs=0V, I d =250jiA 


ABV DSS /ATj 


Temp. Coefficient of Breakdown Voltage 




0.12 




V/°C 


Reference to 25°C, l D =1 mA 


RDS(on) 


Static Drain-to-Source On Resistance 


... 


... 


0.54 


Q 


V GS =5.0V, l D =2.7A© 


... 


... 


0.76 


V GS =4.0V, l D =2.3A© 


V GS(th) 


Gste Threshold Voltage 


1.0 


... 


2.0 


V 


Vds=Vqs. I D =250uA 


9fs 


Forward Transconductance 


2.3 


... 


... 


s 


V DS =50V, l DS =2.7A© 


bss 


Zero Gate Voltage Collector Current 


... 


... 


250 


uA 


V DS =100V, V GS =0V 


... 


... 


1000 


V DS -80V, V GS -0V,Tj- 


150°C 


IGSS 


Gate-to-Source Forward Leakage 






500 


nA 


V GS -10V 


Gate-to-Source Reverse Leakage 






-500 


V GS =-10V 


Q fl 


Total Gate Charge 


... 


... 


6.1 


nC 


l D =5.6A, V DS -80V, V GS =5.0V© 


Q os 


Gate-to-Source Charge 






2.0 


Qqd 


Gate-to-Drain ("Miller") Charge 


... 


— 


3.3 


td( n) 


Tu-n-On Delay Time 




9.3 


... 


ns 


V OD -50V, l D -5.6A 
R G =12il, R D =8.4n© 


tr 


Ris e Time 


... 


47 




td(off) 


Tu n-Off Delay Time 


— 


16 




tf 


Fall Time 




17 




Ld 


Inturnal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, A 
and center of die 
contact. 


s 


Ls 


Inturnal Source Inductance 




7.5 




Css 


Input Capacitance 




250 




pF 


V GS =0V, V DS =25v 
/=1.0Mhz 




C<)SS 


Output Capacitance 




80 




Crss 


Reverse Transfer Capacitance 




15 


... 


Source-Dra in Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Bcdy Diode) 






4.6 


A 


MOSFET symbol 
showing the / 
integral reverse °\ 
p-n junction diode. 




D 

') 
/ 
S 


>sm 


Pulsed Source Current 
(Bcdy Diode) <D 






18 


Vsd 


Diode Forward Voltage 






2.5 


V 


Tj=25°C, l q =4.6A, V G<5 =0V© 


trr 


Reverse Recovery Time 


89 




130 


ns 


Tj=25°C, l F =5.6A, 
di/dt-100A/uS© 


Qrr 


Reverse Recovery Charge 


0.35 




0.65 


uC 


ton 


Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + L D ) 



Notes: 

© Repetitive rating; Pulse width limited by 
max. junction temperature 



V DD =25V, Starting Tj=25°C, L=7.4mH, 
R G =25fi, Peak l AS =4.6A 



® I S d^4.6A, di/dt<75A/us, V DD <BV DSS , 
Tj<175°C Suggested R G =12£2 



© Mounting surface: 
flat, smooth, greased 



'Pulse widths 300, 



, Cycle <2% © K/W = °C/W 
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PD-9.636 



International 
S Rectifier 



IRLR120 



HEXFET® Power MOSFET 

• Surface Mount (IRLR120) 
•Straight Lead (IRLU120) 

• Repetitive Avalanche Rated 

• Dynamic dv/dt Rated 
Gate 



Description 











n-channel 



Third Generation HEXFETs from International Rectifier provide the designer 
with the best combination of fast switching speed, ruggedized device design, 
and low on resistance. 

The D-Pak is designed for surface mounting using vapor phase, infra red, or 
wave soldering techniques. The straight lead version (IRFU series) is for 
through hole mounting applications. Power dissipation levels up to 2 watts 
are possible in SMD applications. 



IRLU120 



BVqss 


100V 


RDS(on) 


0.27Q 


Id 


8.4A 




D-Pak 

TO-252AA |-Pak 
TO-251AA 



Absolute Maximum Ratings 





Parameter 


Max. 


Units 


l D @ T c = 25°C 


Continuous Drain Current, V GS @5V 


8.4 


A 


l D @T c = 100°C 


Continuous Drain Current, V GS @5V 


5.9 


Idm 


Pulsed Drain Current © 


31 


P D @ T c = 25°C 


Maximum Power Dissipation 


50 


W 




Linear Derating Factor 


0.33 


W/K© 


Vgs 


Gate-to-Source Breakdown Voltage 


±10 


V 


Eas 


Single Pulse Avalanche Energy ® 


210 


mJ 


'ar 


Avalanche Current © 


8.4 


A 


Ear 


Repetitive Avalanche Energy © 


5.0 


mJ 


dv/dt 


Peak Diode Recovery dv/dt ® 


5.5 


V/ns 


Tj 

T S TG 


Operating Junction and 
Storage Temperature Range 


-55 to +175 


°C 




Soldering Temperature, for 10 sec. 


300 (0.063 in. (1 .6mm) from case) 


Thermal Res 


stance 




Parameter 


Min. 


Typ. 


Max. 


Units 


R ejc 


Junction-to-Case 






3.0 


KA/V© 

1 


Recs 


Case-to-Sink © 




1.7 




Rsja 


Junction-to-Ambient, Typical Socket Mount 


I — 




I 110 
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IRLR120, 1RLU120 



Electrica 



Char 





@ Tj = 25°C (unless otherwise specified) 









Parameter 


Min. 


Tvd 


Max. 


Units 


Test Conditions 


° V DSS 


Orain-tn-Rniirm Rr«akrln\A/n X/nltans 

L/i an riu wuuiv^o ui QCif\uv/vv 1 1 vuuayc 


100 






V 




ABV DSS /ATj 


Tc mn Onfiffir'iAnt of Rrflakdown Voltane 




0.12 




v/°c 


Reference to 25°C, 1q= 1 mA 


RDS(on) 


Static Drain-lo-Source On Resistance 






0.27 


Q 


GS i D ™««wrvis/ 






0.38 


V GS =4.0V, l D =4.2A© 


v GS(th) 




1.0 




2.0 


V 


Vds=Vqs. Id=250u.A 


9fs 


r LiWdlU 1 1 ell lolvUl lUUlylal IUO 


4.8 






s 




'DSS 


7cm (""-1 a t o V/rtltano O-nlloft^r f^iirrpnt 

i.C lU UalO VUlldyt? vUMoLlUI vUllCHl 






250 


U.A 


V ds =100V, v GS =ov 








V D s=80V,V GS =0V,Tj=150°C 




f^sttp-tn-finump FnrwnrH I pakpnp 

VJCIID LU UUUI 1 WrVVCJIVJ LCarVaUc 






500 


nA 


V GS =10V 


Oc.lc 1U OUUILc noVOloo l_t?ar\ayt? 






-500 


V GS~ luv 


Q 


Total Gate Charge 


... 


— 


12 


nC 


l D =9.2A, V DS =80V, V GS =5.0V© 


o 


Oc lc lU v_/llcuyt? 






3.0 


Q d 


Gete-to-Drain ("Miller") Charge 


... 




7.1 


l d(on) 


"Turn-On Oolav/ Ximo 
lUIII'WM uvtay IlllltJ 




9.8 




ns 




V DD =50V, l D =9.2A 

R G =9.0n, R D =5.2fl© 


t 


nun? i it 1 1 c 




64 




'd(off) 


Ti i ro t^tff r^olov/ Tlmo 

luifi wii uvlay iiniy 




91 
c. I 




t, 


Fa'l Time 




97 




L D 


Internal Drain Inductance 




4.5 




nH 


Between lead, 
6mm (0.25in.) / 
from package, A 
and center of die 
contact. 






LD 
LS 






Ls 


Internal Source Inductance 




7.5 




s 


C iss 


Input Capacitance 




490 




pF 


V GS =0V, V DS =25v 
/=1.0Mhz 




C OSS 


Output Capacitance 




150 




C rSS 


Re/erse Transfer Capacitance 




30 




Source-Dra in Diode Ratings and Characteristics 




Parameter 


Min. 


Typ. 


Max. 


Units 


Test Conditions 


Is 


Continuous Source Current 
(Bcdy Diode) 






8.4 


A 


MOSFET symbol 
showing the f 
integral reverse °\ 
p-n junction diode. 






) 

s 


Ism 


Pulsed Source Current 
(Body Diode) ® 






31 


V SD 


Diode Forward Voltage 






2.5 


V 


T.,=25°C, l s =8.4A, Vrs-OV© 


trr 


Reverse Recovery Time 


82 




140 


ns 


Tj=25°C, l F =9.2A, 
di/dt=100A/u.S© 


Qrr 


Reverse Recovery Charge 


0.64 




1.0 


uC 




Forward Turn-On Time 


Intrinsic turn-on time is negligible (turn-on is dominated by L s + Lq) 



Notes: 

© Repetitive rathg; Pulse width limited by 
max. junction temperature 

© V DD =25V, Staling Tj=25°C, L=4.4mH, 
R G =25n, Pea< l AS =8.4A 



) I S dS8.4A, di/dt<1 10A/U.S, V DD <BV DSS , 
Tj<1 75°C Suggested R G =9.0fi 



1 Mounting surface: 
flat, smooth, greased 



© Pulse width < 300u.s; duty Cycle <2% © K/W = °C/W 
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Peak Diode Recovery dv/dt Test Circuit 



A PP endix A 



D.U.T 



Fig 14. For N-Channel 
HEXFETs 




Circuit Layout Considerations 

• Low Stray Inductance 

• Ground Plane 

• Low Leakage Inductance 
Current Transformer 



w- 



T T 



• dv/dt controlled by R G 

• Driver same type as D.U.T. 

• I S d controlled by Duty Factor "D" 

• D.U.T.- Device Under Test 



T V DD 



© Driver Gate Drive 



-PW- 



-Period - 



© D.U.T. I SD Waveform 



Reverse 
Recovery 
Current 



V 



r S 



D. 



PW 
Period 



a jiifiiSiiiiiSSsiiSi; 



V GS = 10V* 

i 




Body Diode Forward 
Current ,/ 
dv/dt/ 

DU ; T - Vps Waveform Diode Recovery 



Re- Applied 
Voltage | 



© Inductor Current 




Rippled 5%: 



* V GS = 5V for Logic Level Devices 




'so 
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Appendix A 



Peak Diode Recovery dv/dt Test Circuit 



Fig 14. For ^-Channel 
HEXFETs 




Circuit Layout Considerations 
■ Low Stray Inductance 

• Ground Plane 

• Low Leakage Inductance 
Current Transformer 



LA- 

-MAArl- 



• dv/dt controlled by R G 

• l SD controlled by Duty Factor "D" 

• Driver compliment of D.U.T. 
(N-Channel) 

* D.U.T.- Device Under Test 



t + Vdd 



© Driver Gate Drive 



PW 



-PW- 



-Period ■ 



Period 



V GS =10V* 

i 



© D.U.T. I S D Waveform 

1 V. 

Body Diode Forward »A 
Current Ji 



Reverse 
Recovery |> 
Current 



D.U.T. V DS Waveform 



f r 

-~T) 







I 

Re-Applied 
Voltagi 



Body Diodef |Forward Drop 



r 




© Inductor Current 



Diode Recovery, 
dv/dt 



,/\ 



T""""""""""""" 

Vdd 
i 



Ripple < 5%| 



"SD 



* v gs = 5V for Logic Level Devices 
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International 
S Rectifier 



Appendix B 



TO-252AA Outline 
Conforms to JEDEC outline TO-252AA 
Dimensions in millimeters (inches) 
1.16(0.006) 



1.02 (O.O40) 



6.73 (0.265) 



6.35 (0.2SO) 
5.46 (0.215) 



5.21 (O 205) 



1 27 (0.050) 
0.88 (0.035) 



1.64 (0.025) 



6.22 (0.245) 
5.97(0.235) 10.42(0.410) 



1 .52 (0.060 ) 
1.15 (0.045) 

1.14 (0.045) 



WW- 



1 



2X 



0.76 (0.030) 



2,28 (0.090) 



2.38 (0.094) 
2.19 (0.086) 

1.14 (0.045) 
0.89 (0.035) 

0.58 (■ 



0.46 (0.018) 



6.45 (0.245) 
5.68 (0.224) 



XC r~ 51 <°' C 



0.64 (0.025) 
|$| 0.25(0.010) ®|A®|c[ 



68 (0.023) 
0.46 (0.018) 



1 - GATE 

2 • DRAIN 
3 ■ SOURCE 
4 DRAIN 



TO-251AA Outline 
Conforms to JEDEC outline TO-251AA 
Dimensions in millimeters (inches) 
Solder dip max. + 0.16 (0.006) 



1.15 (0.045) 



2.28 (0.090) 
1.91 (O.075) 



1.14 (0.045) 



6.73 (0.265) 



5.46 (0.215) 



5.21 (0.205) 



13 



0.76 (O.030) 



2.28 (Q.090) ~| -^| |<- 
2X 



1 .27 (0.050) 



j~ 0.88 (0.0 



6.22 (0.245) 
5.97 (0.235) 



9,65 (0.380) 



0.89 (0.035) 



0.64 (0.025) 

~$ | 0.25(0.010) (m)|a®|c| 



■ _ 2. 38 (Q.094) 

2.19 (0.086) 

0.58 (Q.023) 
* 0.46 (0.018) 



6.45 (Q.24S) 
5 68 (0.224) 



1 - GATE 

2 - DRAIN 

3 - SOURCE 

4 - DRAIN 



1.14 (0.045) 
** 0.89 (0.035)" 

0. 58 (O Q23) 
0.46 (0.018) 



International 
SI Rectifier 



Appendix B 



Package Outline 



HD-1 Outline 

Similar to JEDEO outline MO-001 
Dimensions in millimeters (inches) D 



1.11 (0.044) 
0.87 (6!034) 



2.41 (0.09 5) 
2.16(0 085) 



0.43(0.017) 
0.34(0.013) 




■ 



(?) APPLIES TO SPREAD OF LEADS PRIOR TO INSTALLATION 
(2) APPLIES TO INSTALLED LEAD CENTERS 



629 (0.24 8) 
6.05(0.238)" 



4U © 

J 7.62 (0.300) 
MIN. 



i 



\ 



3.40 (0.13 4) 
3.15(0.124) 



5.02 (0 .198) 
4.7fT(07l88) 



2-14 (0.045) 

0. 
2. 

2.41 (0.095) 



1 
4.5 7 (0.180) 

4.07 (0.160) 



4.06 ( 0.160) 
3.56 (0.140) 
t 



2X "0.89 (0.035) I ^ I _ ffl 0-60(0-024) 
a(j) 2.67(0.105) J |_ °' 51<0 ' 020) 



SOT-89 Outline 

Dimensions in millimeters (inches) 

O.ei (0.0242 
O ' (0.015) 



4 7 (0.185) 
4.4 (O.I 73) 




1 .7 (O 067) 
~1 .5 (O.OS9) 



2.8 (O.I 10) 



0.6 (0.024) 
"6T4 (0.015) 

1 .6 (0.063) 
1 .4 (0.055) 
2X 





1 .4 (O.OSS) 


r 


4.5 (O 


1 78) 


3.7 (O 


145) 






0.60 (0.024) 
0.35 (0.013) 



1 - GATE 

2 - DRAIN 

3 - SOURCE 
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Appendix C 



1 .BS (O.Q73) 




A.I (Q.1621 . 



3.9 (0.153) " 
2.1 (O.B27) 




1 .65 (O.Q73) 
1 .65 (0.064) 

1 .as (O.Q73) 

'&4y 



FEED DIRECTION 



S.I (O.S1S) 




2.55 (0.1 OO) 



Q.35 (O.Q14) 



16.3 (Q.642) 
15.7 (0.618) 



0.25 (0.009) 



7.9 (0.31 1) 



MO 



.6(0.418) 16 3 <° e - >g » 

J_ ,5.7(0.616) 



\ m 2.6 (Q.1Q3) 

^- t> 1 .5 (O.OSO) 



2.75 (O. 
2.55 (0.100) 



.109) 
i r>r,\ 



13.0 (0.52) 



375.0 
(14.77) 




7ZZ 



22.4 (0.880) 
MAX. 



t 



22 50.0 (1.968) 



MINI. 



T 



TO-252AA Tape & Reel 

When ordering, indicate the part 
number, part orientation, and the 
quantity. Quantities are in multiples 
of 2,000 pieces per reel for TR and 
multiples of 3,000 pieces per reel 
for both TRL and TRR. 

e.g., IRFR9014TRL three-reel order 
is 9,000 pieces. 
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Apponciix C 



Tape & Reel Information 



4.1 (Q.162) 



-e-e— 
i i i i 



n n n 




i — i 








[ w 




u u u 


TRL 




TRR 


FEED DIRECTION 




Tape & Reel 



When ordering, indicate the part 
number, part crientation, and the 
quantity. Quant ties are in multiples 
of 1,000 pieces per reel for TR, TRL, 
and TRR. 

e.g., IRFS120TRL three-reel order 
is 3,000 pieces. 



1 3.B 10.532) 
1 S>.f> (O 1!J2) 




1 BO (7.067) 
176 "(6.929) 



IT 



Z.O (0.079) 



O (1.966) 
MIN. 

T 



-I U 



-i s.s (o. ei 1 > 

1 2 .S _ <0. 492) 
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Part 



Information 



Appendix D 



TO-252AA (D-Pak) 



Example: This is an IRFR120 with 
Lot Code 9U1P. 



International Rectifier^ 
Logo 



Assembly Lot Code - 



IRFR~~ 




rtR 120 




9U 1P 





Part Number 
-Second Portion of 
Part Number 



HD-1 (HEXDIP) 



International Rectifier 
Example: This is an IRFD120 with Assembly Logo 
Lot Code 5A8G. 

i 

First Portion of 
Assembly Lot Code 




First Portion of 
Part Number 

Second Portion of 
Assembly Lot Code 



Second Portion of 
Part Number 



TO-251AA(l-Pak) 



Example: This is an IRFU120 with 
Lot Code 9U1R. 



International Rectifier^ 
bly Logo 



JRFU 
l*R120 
9U 1R 



A! 



-First Portion of 

Part Number 
-Second Portion of 

Part Number 



U U U 



SOT-89 



The two letters on the right hand side of the 
device specify the part number. 

The two numbers on the left hand side of the 
device specify the date code. 



Both sets of characters facing outward 
indicate that the SOT-89 is a HEXFET. 



1 Product not yet available at the publishing 
date of this document. 



Date Code . 









^/IRFSIZO 


u u u 

' — > 


^IRFS1Z3 


I— CM 
Ol O 


u u u 




r- co 
o> o 


IRLS0Z4* 


u u u 

< — ' 




So " 

ll u u 


jpt IRLS90Z4* 







International 

SI Rectifier 155 



Appendix E 



- 



Other Catalogs 



Order No. Description 

GSP-1 Government and Space Products - Power Semiconductors Designer's Manual 

HDM-1, Vol. 1 Application Notes and Reliability Data - HEXFET Designer's Manual 

HDM-1, Vol. 2 DIPs, D-Paks, l-Paks, Logic Level Devices - HEXFET Designer's Manual 

HDM-1, Vol. 3 TO-220, TO-247, FullPaks, Current-Sensing Devices - HEXFET Designer's Manual 

HDM-1, Vol. 4 Power Modules - HEXFET Designer's Manual 



Insulated Gate Bipolar Transistors (IGBTs) Designer's Manual 
MGD-I MOS Gate Drivers - Power Integrated Circuits Designer's Manual 

MPIC-4 Microelectronic Relays Designer's Manual 

PIP-90 Power Interface Products Designer's Manual 

PMD-I Power Modules Designer's Manual (Medium and High Power Rectifiers/Thyristors) 

SDM-1 Schottky Rectifiers Designer's Manual 

NRPM-2 Rectifiers, Standard Recovery Type 

SHVR-1 Rectifiers, Standard Recovery Type - High Power 

FRPM-1 Rectifiers, Fast Recovery Type 

NTPM-2 Thyristors, Phase Control Type 

IPM-1 Thyristors, Inverter Type 

Short Form Catalog - Power Semiconductors Product Digest 



SFC 
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Other Surface Mount Devices International 

Power Integrated Circuits Rectifier 





"s 














Offset 


lOUT 


Pp Max 






Part 


Supply 


Output 


Sink/ 


Power 






Number 


Voltage 


Voltage 


Source 


Dissipation 


Description 


Paea Civile 




(V) 


00 


(A) 


(Watts) 






IR2110E 


10-500 


10 - 20 


2 


10 


High Voltage Gate Driver 


LCC 


IR2110S 


10 - 500 


10 - 20 


2 


1.25 


High Voltage Gate Driver 


16 PIN DIP jj*. 


IR2125S 


10 - 500 


10 - 20 


1A/2A 




Current Limiting High Side MGD 


8 PIN DIP c^a^ 


IR2121S 


10 - 20 


10-20 


1A/2A 




Current Limiting Low Side MGD 


8 PIN DIP V??^ 


IR8400S 


6-28 




1 A per chan 




Quad High Side Switch 

MGD = MOS GATE DRIVER 


20 PIN DIP 



Schottky Rectifiers 







■F(AV) 


@ 'C 


•FM ■ 'FM 


>FSM 


1 /a 

'RM @ 






Dot* 

ran 












>J » IzS'C & 




Case Style 


Number 


VRRM 






Tj = 25°C 


50 Hz 


60 Hz 


Rated V RRM 


Max. Tj 




(V) 


(A) 


CO 


00 


(A) 


(A) 


CM*) 


CO 




10MQ040 


40 


1.1 


90 


0.55 


30 


32 


50 


125 


D-64 


10MQ060 


60 


0.77 


110 


0.62 


10 


11 


7.5 






10MQ090 


90 


0.77 


110 


0.81 


10 


11 


5.0 






15MQ040 


40 


1.7 




0.55 


60 


64 


50 


125 




30WQ03F 


30 


3.3 


109 


0.63 


40 


42 


8.5 


125 


TO-252 


30WQ04F 


40 


3.3 


109 


0.63 






12.0 




D-PAK 


30WQ05F 


50 


3.3 


108 


0.71 






12.2 






30WQ06F 


60 


3.3 


108 


0.71 






16.0 






30WQ09F 


90 


3.3 


107 


0.92 






1.75 






30WQ10F 


100 


3.3 


107 


0.92 






2.00 






50WQ03F 


30 


5.5 


97 


0.67 


45 


47 


14.1 


125 




50WQ04F 


40 


5.5 


97 


0.67 






20.0 




* 


50WQ05F 


50 


5.5 


95 


0.72 






24.0 






50WQ06F 


60 


5.5 


95 


0.72 






30.0 






50WQ09F 


90 


5.5 


95 


0.95 






2.6 






50WQ10F 


100 


5.5 


95 


0.95 






3.0 






6CWQ03F 


30 


6.6 


101 


0.55 


45 


47 


14.1 


125 




6CWQ04F 


40 


6.6 


101 


0.55 






20.0 






6CWQ05F 


50 


6.6 


98 


0.58 






24.0 






6CWQ06F 


60 


6.6 


98 


0.58 






30.0 






6CWQ09F 


90 


6.6 


98 


0.85 






2.6 






6CWQ10F 


100 


6.6 


98 


0.85 






3.0 







Ultra-Fast Recovery Rectifiers 

1 to 6.6 Amps 







'F(AV) 


@ Tr, 


VFM® 


>FSM 


R thJC 








Part 






Tj = 25"C 






DC 






Case Style 


Number 


Vrwm 






!F(AV) 


50 Hz 


60 Hz 


Max. tri- 






(V) 


(A) 


CO 


00 


(A) 


(A) 


CC/W) 


ms) 






10MF2 


200 


1 


122 


0.98 


25 


28 


160 


50 


D-64 
























% 


30WF10F 


100 


3.3 


104 


1.35 


30 


31.4 


8 


30 


TO-252 




30WF20F 


200 


3.3 


104 


1.35 


30 


31.4 


8 


30 


D-PAK 




30WF30F 


300 


3.3 


104 


1.35 


30 


31.4 


8 


30 






30WF40F 


400 


3.3 


104 


1.35 


30 


31.4 


8 


30 






50WF10F 


100 


5.5 


104 


1.1 


45 


47 


6 


40 






50WF20F 


200 


5.5 


104 


1.1 


45 


47 


6 


40 






50WF30F 


300 


5.5 


104 


1.1 


45 


47 


6 


40 






50WF40F 


400 


5.5 


104 


1.1 


45 


47 


6 


40 






6CWF10F 


100 


6.6 


117 


0.98 


45 


47 


5 


30 






6CWF20F 


200 


6.6 


117 


0.98 


45 


47 


5 


30 
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Power MOSFETS High Reliability 

IRFE Series — N-Channel 



International 





BVpss Drain 


Rn£/ nn \ 

UO(UII( 


Iq Continuous 


IrjM Pul** 


Pn Max 






Part 


Source 


On-Stste 


Drain Current 


Drain 


Powar 






Unmhor 

numiwr 


Voltage 


Raelttanm 


25°C Case 


Currant 

WUIISIIt 


Dissipation 


Case Style 






(Volts) 


(Ohms) 


(Amps) 


(Amps) 


(Watts) 







IRFE024 


60 


0.17 


8.0 


32 


20 


LCC 




IRFE110 


100 


0.6 


3.5 


14 


15 






IRFE120 


100 


0.30 


6.0 


24 


20 






IRFE130 


100 


0.18 


8.0 


32 


25 






IRFE210 


200 


1.5 


2.25 


9 


15 






IRFE220 


200 


0.80 


3.5 


14 


20 






IRFE230 


200 


0.4 


5.5 


22 


25 






IRFE310 


400 


3.6 


1.25 


5.5 


15 






IRFE320 


400 


1.8 


2.0 


6 


20 




IRFE330 


400 


1.0 


3.0 


12 


25 






IRFE420 


500 


3.0 


1.5 


6 


20 




IRFE430 


500 


1.3 


2.5 


. 10 


25 




' 






























IRFN Series - 


N- Channel 














IRFN044 


60 


0.40 


34 


136 


75 


SMD-1 




IRFN054 


60 


0.27 


45 


180 


100 




IRFN140 


100 


0.100 


22 


88 


75 






IRFN150 


100 


0.073 


27 


108 


100 






IRFN240 


200 


0.18 


14 


56 


75 






IRFN250 


200 


0.100 


22 


88 


100 




IRFN340 


400 


0.55 


8.0 


32 


75 






IRFN350 


400 


0.315 


11 


44 


100 






IRFN440 


500 


0.89 


6.0 


24 


75 




IRFN450 


500 


0.415 


10.4 


41 


100 






IRFNG40 


1000 


3.5 


3.0 


12 


75 






IRFNG50 


1000 


2.0 


4.5 


18 


100 







IRFE Series — P-Channel 



IRFE9024 


-60 


0.28 


-6.0 


-24 


20 


LCC 


IRFE9110 


-100 


1.2 


-2.6 


-10 


15 


IRFE9120 


-100 


0.6 


-4.0 


-16 


20 




IRFE9130 


-100 


0.3 


-6.5 


-25 


25 




IRFE9210 


-200 


3.0 


-1.6 


-6.5 


15 




IRFE9220 
IRFE9230 


-200 


1.5 


-2.5 


-10 






-200 


0.8 

I 


-4.0 




-16 


25 
































IRFN Series P-Chs nnel 










IRFN9140 


-100 


0.20 


-17 


-68 


75 


SMD1 


IRFN9240 


-200 


0.51 


-8 


-32 


75 

















Radiation Hard HEXFETs 

N-Channel 





Vrj ; Drain 


RDS CD 


Iq Continuous 


'DM Pu'ra 


Prj Max 


Case 








Source 


On-State 


Drain Currant 


Drain 


Power 


Outline 






Part 


Voltage 


Resistance 


25°C Case 


Current 


Dissipation 


Number 






Number 


Colts) 


(Ohms) 


(Amps) 


(Amps) 


(Watts) 


(2) 


Notes 




IFSHE7110 


100 


0.6 


6 


20 


20 


H22 






IRHE8110 


100 


0.6 


6 


20 






IRHE7130 


100 


0.18 


8 


25 








lcc (jr^vj 


IRHE8130 


100 


0.18 


8 


25 
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HEXFETpower MOSFETs 

Case Outlines 



Inter national 
SRectffier 




13 (0.061) 



IR Case Style D-64 



- 0.50 (0.020) 




APPLIES TO RECTIFIERS ONLY 

Conforms to JEDEC Outline TO-252AA 



64 (0 025) 
2-PLCS 



16 00 (0 630) 
15 75 (0.620) 



11.55(0 455) M ^ 



11 31 (0.445) 



SOURCE GAIE 



4.07 (0.160) 
2-PLCS 



5 20 10 205) 
4 95 (0 195) 
- 2-PLCS 



9.27 (0 365) 
9.02 (0 355) 



361 (0 1 50) 
3.31 (0 130) 



1.27 (0.050) 
""I <*~ 1.02 (0.040) 
2-PLCS 




LEGEND: 

GATE: PINS 4 & 5 
DRAIN: PINS 1. 2. 15. 16. 17 & 18 
SOURCE: PINS 6. 7. 8. 9, 10. 11, 12 & 13 
NO CONNECTION: PINS 3 S 14 



SMD-1 



LCC 



LRU 



UUUUUHUU 



""■■''"* - O.H (O.OI4) 



° B 



16 Pin Surface Mount Package 



Dimensions in Millimeters and (Inches) 
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...around-the-world manufacturing 
to serve worldwide needs. 




(?) El Seijundo, California 

• Powor MOSFETs, custom hybrids, rectifiers, 
thyriiitors, government/military/hi-rel devices, 
microelectronic relays 

(2) HEXFET America 

Rancho California, California 

• Dedicated to power MOSFETs 

(5) Tijuara, Mexico 

• Schcttkys, thyristors, high power rectifiers 



(4) Ontario, Canada 

• High voltage columns, open assemblies, heat 
sinks 

© Oxted, England 

• Power MOSFETs, | 
rectifiers 

(6) Turin, Italy 

• Rectifiers, thyristors, < 



modules, alloyed 



bridges, power 
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